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ABSTRACT 
 This dissertation examines morphological variability (differences in qualitative 
attributes and metric dimensions) that is observed when comparing assemblages of 
projectile points.  My archaeological case study is an evaluation of cultural historical 
“types” of projectile points that have been assigned variously to the Alberta, Cody, or 
Firstview Complexes of the early Holocene from approximately 10,000 B.P. to 8,200 
B.P.  This analysis includes both quantitative and qualitative observations of 361 
complete and fragmentary projectile points from 13 archaeological sites located in New 
Mexico, Colorado, Wyoming, and Nebraska. 
 My analyses showed that qualitative attributes and metric dimensions of projectile 
points vary more through time than through space.  Since projectile point styles were 
used for hundreds of years and were distributed over a wide geographic area, culture 
change occurred slowly in the Paleoindian period.  This is known as conservative cultural 
vi 
 
transmission.  I proposed that conservative cultural transmission confers social benefits 
on small, highly mobile, hunter-gatherers because it facilitated interaction among 
individuals and bands that manufactured Cody Complex projectile points.  The 
subsistence and social advantages of interactions among Paleoindian bands likely 
included finding exogamous mates, cooperation in communal bison hunting, and 
conducting ritual activities.  This model is supported because projectile points that 
previous researchers assigned to the Cody or Firstview Complexes cannot be 
differentiated by their qualitative and quantitative attributes.  Therefore, conservative 
cultural transmission indicates that these bands were in contact. 
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Chapter 1 
Introduction 
This dissertation examines morphological variability (differences in qualitative 
attributes and metric dimensions) that is observed when analyzing and comparing 
assemblages of projectile points from different sites.  I will address the ways in which 
archaeologists explained the observed variation beginning with issues of culture history 
and classification in the early to mid-twentieth century and including later studies of 
projectile point manufacture, maintenance, repair, and discard.  The research presented in 
this dissertation also explores debates about functional versus stylistic attributes, and, 
more broadly, whether stone tools carry information about the social identity of 
prehistoric hunter-gatherers.  The spatial and temporal distribution of projectile point 
types has been used to infer contact among hunter-gatherer bands. 
My archaeological case study is drawn from Paleoindian hunter-gatherers who 
inhabited the American Great Plains and adjacent Rocky Mountains during the Early 
Holocene.  Paleoindian bands are assumed to comprise 25-30 related individuals; 
however, at times, several bands would cooperate in bison hunting. it is likely that 
flintknappers who interacted with other bands on a regular basis made and used similar 
projectile points.  I developed and tested several hypotheses that examine the likelihood 
of contact among bands using the spatial and temporal distribution of projectile point 
types.  The projectile points of interest belong to the Alberta, Cody, and Firstview 
Complexes that date to the early Holocene from approximately 10,000 B.P. to 8,200 B.P 
(Frison 1991; Holliday 2000). 
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In Chapter 2, I describe the theoretical approaches that past researchers have 
applied to lithic technology of hunter-gatherers.  One influential approach is that of 
Nelson (1991) that encompasses the manner in which projectile points, and other stone 
tools, were used in a cultural system, especially in subsistence activities, and the 
approach explains the relationship that tools have to aspects of hunter-gatherer social 
organization.  Some concerns of technological organization include the manner in which 
stone is procured, the extent of curation of stone tools after manufacture (Binford 1979), 
and rejuvenating broken artifacts into usable projectile points (Bettinger et al. 1991; 
Flenniken and Raymond 1986; Wilke and Flenniken 1991).  .  Since research in Cody 
Complex projectile points began in the 1930s and is ongoing, it has been influenced by 
the prevailing theoretical perspective at the time research was published.  Therefore, I 
discuss three general theoretical paradigms in archaeology through time that affected 
research into stone tools.  These are culture history (Trigger 2006), processualism 
(Binford 1962, 1965) and evolutionary archaeology (Bettinger et al. 1996; Boyd and 
Richerson 1985; Dunnell 1978).  I address several authors’ views on how and why stone 
tools exhibit morphological variability.  These debates are often framed as stylistic 
(Bordes 1961) versus functional explanations (Binford and Binford 1966).  Scholars with 
interests in stylistic explanations attribute morphological variability among artifacts to the 
need to send messages from one population to another (Wiessner 1982; Wobst 1977).  
Alternatively, Sackett (1985:158), explains that people choose specific ways of 
manufacturing tools and continue to use the same procedures for an indefinite period of 
time.  Sackett proposed that stylistic variants arose subconsciously and were taught to 
flintknappers in a social group.  Evolutionary archaeology also emphasizes mechanisms 
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by which people learn specific ways of doing things (Barton and Clark 1997; Shennan 
2008) and is concerned with the ways in which cultural traits are transmitted to 
subsequent generations (Boyd and Richerson 1985). 
In Chapter 3, I summarize research on projectile points assigned to the Cody 
Complex; they are lanceolate with square stems and exhibit parallel flaking (Bamforth 
1991: 314-316).  Two projectile point types co-occur in the Cody Complex, the diamond-
shaped Eden point and the lenticular Scottsbluff point (Wormington 1948, 1957). I 
review literature published throughout an 81-year period from the first descriptions of 
projectile points (Barbour and Schultz 1932; Renaud 1932) to recent analyses (Knell and 
Muñiz 2013).  During this time, Paleoindian archaeologists have devoted much time and 
effort to describing and cataloging differences among projectile points (Agenbroad 1978; 
Bamforth 1991; Frison 1991; Holliday 2000; Howard 1943; Sellards 1952; Wheat 1972; 
Wormington 1957).  The Cody complex contains projectile points that share a “set of 
morphological and/or technological characteristics” that are designated as "types"” 
(Bamforth 1991:310).  I will show that previous researchers hold differing opinions of 
what characteristics comprise projectile point types, as well as the spatial and temporal 
distributions of these types.  I describe the Alberta projectile point, slightly earlier than 
the other Cody types (Wormington 1957), and the Firstview Complex that has been 
proposed for artifacts on the Southern Plains (Wheat 1972). 
After reviewing the literature on Cody Complex projectile point types, I 
developed and tested hypotheses that might explained the morphological variability 
observed among projectile point types both at the intrasite and intersite levels.  
Hypotheses related morphological variability in projectile points to differences between 
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single component sites presumed to be products of a single occupation and multiple 
component sites assumed to result from several occupations.  I also tested patterns of 
variation that are temporally or spatially distributed to study how knowledge of 
manufacturing projectile points might have spread through a population of hunter-
gatherers.  I explain that a single investigator (eliminating inter-investigator observation 
and measurement error) can standardize the raw data used in hypothesis testing.  My 
research is necessary to determine the range of variation that is present for metric 
dimensions of projectile points as well as qualitative attributes such as cross sectional 
shape and flake scar pattern that have been important for making typological 
assignments. 
I begin Chapter 4 with an overview of the physical environment of the Great 
Plains, including characteristics of bison (Bamforth 1988) that were an important animal 
resource in the diet of Paleoindian hunter-gatherers.  The Great Plains refers to an 
extensive and complex grassland biome encompassing 200,000 square miles of the 
United States and Canada, stretching from the aspen parkland of Alberta and 
Saskatchewan south to the short grass plains of Texas.  The Rocky Mountains form a 
natural western boundary, but the eastern edge of the Great Plains is arbitrarily set at the 
100th meridian of longitude.  I describe the locations and qualities of well-known lithic 
raw material sources on the Plains (Banks 1990; Black 2000; Miller 1991).  I also 
describe climatic conditions in the early Holocene that were contemporaneous with the 
late Paleoindian sites analyzed in this study. Then I summarize previous investigations at 
each of the 13 sites in New Mexico, Colorado, Wyoming, and Western Nebraska that 
were analyzed in this study.  The sites are: Blackwater Draw, Carter/Kerr-McGee, 
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Claypool, Finley, Frasca, Hell Gap, Horner, Hudson-Meng, Jurgens, Lamb Spring, 
Nelson, Olsen-Chubbuck and San Jon.  I emphasize site function (i.e.) kill, butchering 
and camp, in my discussion of the sites studied.  Two or three Cody occupations are 
present at sites such as Horner, Hell Gap, and Jurgens.  These multiple components are 
described individually.  
In Chapter 5   I describe data collection for 361 complete and fragmentary 
projectile points recovered from these 13 sites.  First, I explain the methodology that I 
employed to record qualitative attributes and width and thickness measurements on 
projectile points. Then I present the data I recorded for each site assemblage, including 
each component of multiple component sites such as Hell Gap, Horner, and Jurgens. 
Finally, in chapter 6 I discuss similarities and differences among site assemblages.  
I present the results of hypothesis testing in which I determined the extent of spatial and 
temporal differences in both qualitative and quantitative attributes of projectile points.  
Finally, I attempt to generalize this case study to lithic artifacts found in other 
archaeological complexes.  It is hoped that the methodology for data collection and 
analytical approach of this research can be applied to any formal retouched tools.    Then, 
variability can be assigned to non-exclusive processes of social and/or technological 
organization and choice of reduction sequence. 
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Chapter 2 
Theoretical Background 
“The main evidence for almost the entire span of human prehistory consists of 
stone tools” (Binford and Binford 1969:70).  Assemblages of lithic artifacts comprise a 
somewhat limited data set that archaeologists have used as the basis for inferences about 
prehistoric hunter-gatherer subsistence and mobility.  Topics discussed in this chapter 
include: (1) procurement of lithic resources, (2) projectile point manufacture, (3) 
technological organization, especially tool curation, and (4) effects of rejuvenation on 
projectile point typology.  I will conclude this chapter with a discussion of general 
theoretical paradigms in archaeology such as culture history, processualism, and 
evolutionary archaeology, that have influenced discussions of functional and stylistic 
variability among artifacts through time. 
Ethnographic studies of hunter-gatherers provide information on decision-making 
behavior that resulted in the formation of an archaeological record of subsistence 
activities (Kelly 1995:340).  Binford (1978) introduced the term “middle range theory” to 
explain how the behavior of modern hunter-gatherers can be correlated to patterns 
observed in the archaeological record.  Examples of middle range theory presented in this 
chapter include Binford’s concepts of curation that were articulated following his study 
of Nunamiut caribou hunters in Alaska (Binford 1979, 1980) and Alyawara  stone tool 
production (Binford and O'Connell 1984).  My purpose here is not to provide an 
exhaustive review of the literature about hunter-gatherers, but, rather, to highlight 
concepts relating to band size, social organization, subsistence activities, population 
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aggregation, and the organization of technology, specifically the manufacture of 
projectile points.  I will, where possible, link these discussions to Paleoindian bison 
hunting on the grasslands of the American Great Plains. 
Ethnographic data collected from the early twentieth-century has been used to 
describe the social organization of prehistoric hunter-gatherers (Johnson 1982; Kelly 
1995; Steward 1969).  Members of hunter-gatherer bands engaged in face-to-face 
interactions that facilitated decision making by consensus, and this method of 
communication limited group size (Johnson 1982).  Steward (1969:290), in a cross-
cultural study of ethnographic data, characterized band-level social organization as a 
series of minimum bands of related family members that interacted in larger social 
networks that he called maximum bands.  Minimum bands consisted of 25-30 individuals 
belonging to several related families that cooperated in subsistence tasks.  The minimum 
band was small enough that the local resources were not depleted (Wobst 1974:152).  
Furthermore, Kelly (1995:210) observed that this low population size is constant among 
nomadic hunter-gatherers who inhabited different environmental zones.  Therefore, it is 
likely that prehistoric bands of hunter-gatherers also comprised between 25-30 related 
individuals. 
Ethnographic studies also indicate that about 300-500 people from 12-20 
minimum bands belonged to a larger social network called a maximum band (Stewart 
1969:291).  All individuals belonging to the maximum band shared a common cultural 
system (MacDonald 1998, 2010; Wobst 1974).  The purpose of the maximum band was 
to “counteract variations in the food supply at the local level and dynamically adjust local 
population size to a level which can be supported by the resources of a given time and 
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place” (Wobst 1974:152).  The maximum band facilitated the periodic exchange of mates 
among different minimum bands (Steward 1969).  Due to the low population densities of 
the Paleoindian period, MacDonald (1998:227) argued that Paleoindians travelled great 
distances in search of exogamous mates, and they also exchanged lithic raw materials 
during these trips.  Another opinion holds that small, geographically-dispersed, 
populations such as Paleoindians had relaxed marriage rules and little concern for 
breaking the incest taboo (Hofman 1994:348-349).  MacDonald (1999:147) argued that 
this is unlikely because inbreeding was not observed in ethnographic studies of modern 
hunter-gatherers, possibly because it would have decreased the probability of producing 
healthy offspring.  Ethnographic data shows that there is an inverse relationship between 
population density and mating distance as measured by the distance between the birth 
places of the male and female in each mated pair (MacDonald 1999:147).  As forager 
population density decreases, the distance that individuals travel to seek mates increases, 
and, MacDonald (1999:150) calculated the mean mating distance for Paleoindians as 
between 80-100 km. 
Because hunter-gatherer mobility is influenced by subsistence tasks as well as for 
a variety of social functions, MacDonald (1999:148-149) proposed a model that assigns 
different spatial scales for specific activities.  He classifies subsistence activities that 
occurred on a daily or frequent basis as micromovements of 0-80 km.  Travel that was 
necessitated for social reasons such as visiting family and friends, attending ceremonies, 
and finding mates was designated as mesomovements of 80-100 km.  Trips that took 
place once or twice in an individual’s lifetime were described as macro movements of 
160-500 km. 
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Hunter-gatherer mobility has a social dimension (Gould and Saggars 1985; 
Johnson 1982; Wiessner 1982) because bands use social ties to limit physical access to 
resources (Kelly 1995:203).  Ethnographic data shows that social activities such as 
participation in ceremonial or ritual activities could cause people to move across the 
landscape (Johnson 1982:405-407).  For example, Gould and Saggars (1985:121-122) 
describe an Australian aboriginal practice whereby groups of men traveled long distances 
to introduce youths to sacred landmarks and the myths associated with them.  During the 
course of these visits, other social functions occurred such as arranging marriages and 
trading for exotic lithic materials.  These relationships served as a buffer against drought 
conditions because aboriginal groups could move hundreds of miles from their home 
areas and set up temporary residences with kin groups related by marriage.  Likewise, the 
San hunter-gatherers of the Kalahari Desert in Southern Africa traded goods with formal 
exchange partners in different band territories. This was a coping mechanism for “spatial 
incongruity” when resources that were unavailable locally were present in more distant 
territories (Wiessner 1982:176).  The San exchange networks functioned as a mechanism 
that pooled risk to spread the losses among a larger group of people (Wiessner 1982:173).  
Mobility can be viewed as a problem-solving mechanism that allowed hunter 
gatherers to procure resources that were differentially available in space and through time 
(Binford 1980; Torrence 1989).  Binford (1980:5) described hunter-gatherer groups as 
foragers or collectors depending on the manner in which they generally organized 
residential mobility and subsistence activities.  Foragers moved residential camps 
frequently as they procured food resources that they encountered on the landscape 
whereas collectors sent logistical parties out to procure specific resources and transport 
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them to the residential camp (Binford 1980:9-10).  Collectors obtained resources by 
deploying specially organized task groups that left the residential camp and established a 
field camp as a base for resource procurement.   After processing, the resources were 
transported back to the base camp or cached for future use.  Binford (1980:15) viewed 
foraging and collecting as food-procurement strategies that hunter-gatherers could adopt 
to cope with diverse environmental conditions such as variations in the effective 
temperature and length of growing season.  Thus, hunter-gatherer groups who employed 
foraging strategies occupied homogenous environments such as tropical rainforests in 
which resources were available year-round, and collectors inhabited more heterogeneous 
environments in which resources were available on a seasonal basis. 
Binford’s concept of foragers and collectors has been employed to 
describe archaeological sites created by Paleoindian mobility and subsistence 
(Kelly and Todd 1988).  The hunters who colonized North America have 
been described as highly mobile foragers because the archaeological record 
consists of short-term camps and resource extraction sites such as bison or 
mammoth kills (Kelly and Todd 1988:236), and this description has been 
extended to later Paleoindian groups (Bamforth 2002:57).  Alternatively, 
Paleoindians may have employed both mobility strategies at different times 
of the year;  “whereas cold-season residential hubs were provisioned by 
hunters operating in a strict logistical mode, warm-season provisioning may 
have involved serial mobility of residential consumer populations moving 
from one kill-butchery site to the next in a forager-like fashion” (Knell 
2007:253). 
 
Studies have been conducted to determine the archaeological signatures for 
residential camps compared to those for logistical activities such as bison kills and 
butchering areas in the Paleoindian record (Bamforth 1988; Fawcett 1986; Hofman 
1994).  In a study of lithic assemblages from 98 sites across the Great Plains from several 
prehistoric periods, Fawcett (1986:12) showed that frequencies of projectile points and 
other stone tools vary among bison kill sites, processing sites, and camp sites.  As might 
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be expected, the highest proportion of projectile points occurred at kill sites.  Fewer 
projectile points were found at processing areas where the lithic assemblages were largely 
characterized by retouched tools.  A greater variety of tools, such as denticulates and 
drills, are found at camp sites.  Residential site lithic assemblages contain discarded tools 
and debitage that resulted from tool manufacture or resharpening (Binford 1979:269). 
 
Stone Tool Manufacture, Use, and Maintenance 
The manufacture of projectile points and other stone tools is accomplished in 
several steps including raw material procurement, tool manufacture, tool use, 
maintenance and discard (Sellet 1993:107).  The manner in which stone was obtained for 
tool manufacture can be described as either embedded within the seasonal round used for 
hunting and gathering, or disembedded when procuring raw material occurs separately 
from subsistence activities.  Ethnographic evidence suggests that “raw materials for 
manufacturing of implements are normally obtained incidentally to the execution of 
subsistence tasks” (Binford 1979:259).  The materials gathered as a result of embedded 
procurement are collected for anticipated future needs, and this strategy minimizes the 
need for long-distance travel solely to obtain them (Binford 1986; Binford and O’Connell 
1984). 
Although the geographic locations of lithic raw materials are stable, the 
occurrence of big game is far less predictable (Goodyear 1989).    The association of 
quarries with campsites has been cited as evidence for embedded lithic procurement in 
the Paleoindian record (Hofman and Todd 2001:204; Kelly and Todd 1988:236; Labelle 
2005:55).  In Chapters 4 and 5, I will draw inferences about Paleoindian hunter-gatherer 
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mobility based on the location of lithic raw material sources relative to the sites where 
stone tools and debitage of particular raw materials were discarded (Bamforth 1988; 
Frison 1991; Goodyear 1989; Hester and Grady 1977; Hofman 1994; Kelly 1988; Muñiz 
2005; Seeman 1994; Wormington 1957). 
Distinct lithic raw materials that occur in discrete spatial clusters indicate that a 
particular site resulted from the periodic aggregation of Paleoindian groups.  These lithic 
materials may originate in geographic locations that are in “different or opposing 
directions” (Hofman 1994:352).  For instance, one lithic raw material may be found north 
of a site while another material could have its primary source south of the same site.  
Periodic aggregation has been proposed for Paleoindian groups during subsistence 
activities such as communal bison hunts that occurred in the fall (Bamforth 1988:24-30; 
Frison 1991; MacDonald 1998).  Both Bamforth (1988) and Hofman (1994) list other 
signatures of aggregation sites including multiple residential units with hearths and 
evidence for diverse intrasite activities.  Population aggregations facilitated information 
sharing about environmental conditions over a large geographic area, allowed ritual 
activities to occur and provided a social context for exchanging mates between bands 
(Bamforth 1988).  See Chapter 4 for a detailed discussion of raw material procurement on 
the Great Plains. 
After the lithic raw material was procured, the first step in manufacturing bifacial 
tools, such as projectile points, was the removal of large percussion flakes from nodules 
of lithic raw material (Bradley 1974; Kelly 1988).  In fact, ethnographic studies of 
Australian aborigines noted the transport of blanks from the quarry to the campsites 
where they provided material for tool manufacture (Binford and O’Connell 1984).  Next, 
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material was removed to produce a biface having a uniform thickness and regular 
margins (Bradley 1974:192-193).  At times, bifaces served as cores, tools themselves that 
could be used and resharpened, or as preforms from which projectile points, drills, or 
other smaller tools could be manufactured (Kelly 1988).  Such a system would 
“maximize the total amount of stone cutting edge while minimizing the weight of stone 
carried” (Kelly 1988:719).  In the later stages of manufacture, several series of pressure 
flakes were removed from the preform to produce the finished projectile point (Bradley 
and Stanford 1987:412).  
Nelson (1991) used the term “technological organization” to describe how 
projectile points, and other stone tools, were used in a cultural system, especially in 
subsistence activities and hunter-gatherer social organization.  She defines technological 
organization as the “study of the selection and integration of strategies for making, using, 
and discarding tools and the materials needed for their manufacture and maintenance” 
(Nelson 1991:57).  Thus, technological organization provides a theoretical framework 
within which to consider the social and economic strategies that hunter-gatherers might 
have employed to extract resources from a given physical environment (Nelson 1991:59).  
Research questions concerning the physical environment include the predictability of 
food resources (Binford 1979, 1980; Kelly and Todd 1988), and the availability of lithic 
raw material sources (Andrefsky 1994; Bamforth 1986:39-40, 1991; Goodyear 1989; 
Ingbar 1994; Kelly 1988).  Social strategies include using exchange networks based on 
marriage or other relationships to lessen risk due to drought (Gould and Saggars 1985; 
Wiessner 1982).  Economic strategies include curation, manufacturing tools prior to their 
eventual use, (Andrefsky 1994; Bamforth 1986; Binford 1979). 
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Binford (1979:262-266) distinguishes between curated technology (i.e., gear 
made in anticipation of future needs) and expedient tools (i.e., situational gear made as it 
was needed to perform a given task).  Curated technologies include implements that were 
manufactured at one site, transported to additional sites where they were used and 
maintained, sometimes recycled for another purpose, and ultimately discarded at a final 
site.  Projectile points can be considered as elements of curated technologies for two 
reasons.  First, their manufacture requires multiple steps, and second, projectile points 
made of exotic materials occurred at archaeological sites some distance from the 
geological source of the stone used in their manufacture.  Expedient gear was made in 
response to immediate needs; it was manufactured, used, and discarded at the same 
archaeological site.  While curated lithic assemblages often contain a variety of formal 
tools that were morphologically and functionally distinct from one another, expedient 
lithic assemblages can be characterized as simpler with less variation among tools. Both 
curated and expedient tools “identify kinds of plans for facilitating human uses of the 
environment” (Nelson 1991:62). 
The quality and relative abundance of lithic raw material may be a primary 
environmental condition that determined the use of curated versus expedient technologies 
(Andrefsky 1994).  Use of curated technology would have been common in geographic 
regions where raw material was scarce while expedient tool technology might have been 
practiced where raw material was abundant.  Thus, the variation among lithic 
assemblages might reflect differences in the characteristics and the availability of raw 
material.  Curated tools such as projectile points were more likely made on fine-grained 
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material while expedient tools were made on lower quality coarse-grained material 
(Binford 1979:267). 
Alternatively, the tasks for which tools were needed may be the determining 
variable for use of curated or expedient technology (Bamforth 1986).  A single site 
assemblage might exhibit evidence of both curated and expedient technologies.  For 
example, at the Lubbock Lake site, curation, defined as evidence of retouch and 
recycling, was observed for nonlocal materials such as Alibates dolomite and Edwards 
chert while tools made from local cherts were more expedient (Bamforth 1986:47-48).  
Furthermore, analysis of microwear showed that the local tools were employed in 
specific tasks such as cutting plants while the curated tools made of exotic stone were 
used in several different tasks (Bamforth 1986). 
Binford (1979, 1980) noted relationships among the manner in which technology 
is organized (i.e.) variation in the numbers of curated and expedient tools recovered in 
site assemblages, subsistence activities, and residential mobility.  The Nunamiut hunters 
are an example of collectors (Binford 1980:10) because they adopted a logistical mobility 
strategy as they pursued caribou herds that were only available for about 30 days a year 
on a predictable schedule during the spring and fall migrations.  Curated tools were 
manufactured prior to the hunt in what Binford called “gearing up” activities because the 
animal resource was only available for a limited amount of time.  Thus, technology can 
be constrained by time, and Torrence (1989) argued that producing tools ahead of time 
guards against the risk of failing to procure food.  Nunamiut caribou hunters are 
analogous to Paleoindian bison hunters because both groups manufactured tools before 
pursuing animals on a seasonal basis.  In the Nunamiut case, caribou were only available 
16 
 
for a limited time during semiannual migrations, while many Paleoindian bison kills 
occurred in the fall and early winter when animals were in prime condition (Bamforth 
1988; Frison 1991; Todd and Hofman 1987; Todd 1991).  I will discuss the possible 
relationship between stone tool manufacture in preparation for communal bison hunting 
and projectile point morphology in Chapter 3. 
In addition to manufacture, tool maintenance is an important consideration when 
evaluating morphological variability among stone tools.  Resharpening reduced the size 
of projectile points, and other stone tools, and sometimes altered their morphological 
attributes (Dibble 1987; Frison 1968).  Archaeologists have debated how repair was 
conducted, how it can be recognized archaeologically, and whether morphological 
alteration changed the attributes traditionally employed for assigning a projectile point to 
a culture historical type or chronological period (Bettinger et al 1991; Flenniken and 
Raymond 1986; Flenniken and Wilke 1989; Thomas 1986; Wilke and Flenniken 1991).  
Flenniken and Raymond (1986) conducted experiments with replicated Elko projectile 
points found in the Great Basin of Nevada during the Archaic period and they 
documented instances when morphological attributes were altered by rejuvenating broken 
points.  First, reworked points were shorter, narrower, and lighter than the original 
population of manufactured points from which they derived.  Second, impact fractures 
requiring repair occurred on either the tip or the base of projectile points, and in some 
cases, repairs could cause points to “change types.”  Thomas (1986) replied that although 
a repair that caused a point to “change types” could be made by a modern flintknapper, it 
was not proof that such repairs were made prehistorically. Furthermore, he found no 
support in the archaeological record that “derived” or reworked point types were 
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significantly smaller or lighter than the original, non-derived, projectile point types that 
Flenniken and Wilke suggested were broken and subsequently repaired.  Given the time 
and raw material savings inherent in repairing projectile points, it is not surprising that 
rejuvenating projectile points has been documented for the Paleoindian Cody Complex 
(Agenbroad 1978; Bradley and frison 1987; Dick and Mountain 1960; Frison 1991; 
Fulgham and Stanford 1982; Holliday 2000; Stanford and Patten 1984; Wheat 1972, 
1979; Wormington 1957).  In subsequent chapters, I will discuss specific examples of 
reworked projectile points, and I will return to the question of how repairing broken 
projectile points might affect typological assignments within the Cody Complex in 
Chapter 3. 
After reviewing literature about hunter-gatherer mobility and technological 
organization, the following observations can be made regarding the Paleoindian bands in 
my case study.  First, Paleoindian bands are assumed to comprise 25-30 related 
individuals; however, at times, several bands would cooperate in bison hunting.  Second, 
raw materials for projectile point manufacture could be procured directly, or exchanged 
among bands, and these processes are not mutually-exclusive.  Third, projectile points 
were curated tools that were generally manufactured prior to their use in hunting.  Fourth, 
it is likely that flintknappers who interacted with members of other bands on a regular 
basis made and used similar projectile points. 
 
Culture History, Processualism, and Evolutionary Archaeology 
Since this dissertation covers sites and collections that have been excavated from 
the 1930s to the present, it is necessary to briefly discuss various theoretical perspectives 
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that were developed to explain why artifacts differ in physical appearance through space 
and time.  Archaeological research that occurred prior to the 1960s can be grouped into a 
school of thought called culture history that was characterized by artifact description and 
the spatial and temporal distribution of traits (Lyman and O’Brien 2003; Trigger 
2006:278-290).  Culture history can be contrasted with more recent scientific 
perspectives including processualism and evolutionary archaeology.  Processualism is 
concerned with scientific research about what activities were conducted and how they 
could be recognized in the archaeological record (Binford 1962, 1965; Trigger 2006:392-
444). Evolutionary archaeology is the application of Darwinian evolution to human 
behavior (Dunnell 1980).  First, I will present these theoretical paradigms in general 
terms, and then I will discuss them in relation to Paleoindian archaeology. 
As a discipline, culture historical archaeology in the United States emphasized 
stratigraphic excavation and seriation.  An early and well known stratigraphic excavation 
was conducted by Kidder at Pecos Pueblo, New Mexico; he used pottery types from 
distinct depositional units to establish a relative cultural chronology (Trigger 2006:280-
281).  The earliest examples of seriation refer to the construction of a relative chronology 
using changing frequencies of artifact types.  Seriation of surface collections was 
employed by Kroeber in 1916 to sequence decorated pottery from the surface of 
archaeological sites in New Mexico (Trigger 2006:295-296).  Artifact types have been 
used in establishing cultural sequences and determining what happened when (Binford 
and Binford 1969).  During the nineteenth and the first half of the twentieth centuries, 
anthropologists considered specific artifacts as the product of a mental template of the 
people who produced them (Ford 1954).  Culture was described as a mental construct 
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consisting of ideas; Binford (1965:203) characterized this as a normative position. 
One definition of an artifact type is “a group of artifacts exhibiting a consistent 
assemblage of attributes whose combined properties give a characteristic pattern” 
(Spaulding 1953: 305).  Spaulding employed statistics to determine the frequency of an 
attribute such as surface treatment of pottery or its shape within an assemblage.  He then 
designated types by the combinations of artifact attributes that commonly occurred 
together.  This approach was criticized (Ford 1954:391) because Spaulding did not 
account for the spatial or temporal variation observed among artifact types.  To Ford, the 
acceptable way to manufacture artifacts was culturally-determined, and some groups 
conformed more closely to that mental template than did others. 
Early twentieth-century archaeologists working on the Great Plains were 
concerned with determining the temporal and spatial distribution of cultural traits (Krause 
1998:49-50).  Projectile point types are used as temporal indicators in preceramic sites 
including those that form the Paleoindian record (Frison 1991:16).  Seriation was also 
employed in determining chronological order for a variety of distinctive flaked stone 
tools such as projectile points (Wormington 1957).  Then projectile point typologies were 
constructed that assigned distinctive artifacts to different archaeological cultures and time 
periods. 
The earliest descriptions of Cody Complex projectile points were developed to 
place these tools into artifact types, most famously the diamond-shaped Eden point and 
the lenticular Scottsbluff point.  The number of additional artifact types increased as 
additional research was conducted, and I will describe these types more fully in Chapter 
3.  Artifact types were defined by observing the characteristics of a group of artifacts and 
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the type definition was extended to describe collections of artifacts examined at a later 
time.  “The definition of a group is written after the group is created, and thus the 
definitive criteria are seldom informed in a theoretically explicit manner.” (Lyman and 
O’Brien 2003:226).  The problem with this approach is that the act of defining groups 
does not cause these types to become real analytical units.  Yet, in the case of the Cody 
Complex, these artifact types continued to influence discussions of morphological 
variability that was observed in projectile points. 
A contrast can be drawn between the culture history paradigm and the succeeding 
processual paradigm.  Processual archaeologists viewed variation in artifact types as “an 
expression of ecological adaptation rather than ethnicity” (Trigger 2006:309). 
Archaeological theory developed under the processual paradigm contains a rich body of 
thought on the causes of morphological variability among lithic artifacts.  Examples 
discussed elsewhere in this chapter include technological organization (Nelson 1991), 
manufacture of curated and expedient tools (Binford 1979), population aggregation for 
communal hunts (Bamforth 1991), and the rejuvenation of broken projectile points 
(Flenniken and Raymond 1986). 
A key concept of the processual paradigm holds that culture is a system 
comprised of numerous subsystems that encompassed a range of human activities from 
economics to ideology (Binford 1962, 1965).  The cultural subsystems that are relevant 
for this study were discussed above and include hunter-gatherer subsistence, band size, 
and technological organization.  Projectile points, like other artifacts, are integrated into 
technological, social, and ideological subsystems of the total cultural system (Binford 
1962).  Stylistic variation crosscut these cultural subsystems, and here style is viewed as 
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“formal qualities that are not directly explicable in terms of the nature of the raw 
materials, technology of production, or variability in the structure of the technological 
and social subsystems of the total cultural system” (Binford 1962:220).  Furthermore, the 
cultural system employed by a social group can change in response to stimuli from the 
natural or social environment (Wobst 1974:151). 
Under the processual paradigm, archaeologists began to measure artifacts and use 
statistical techniques to describe differences that culture historians intuitively recognized 
as types (Binford and Binford 1966; Close 1978) will illustrate this idea.  Binford and 
Binford (1966:241-245) used factor analysis to correlate frequencies of different tool 
types with functional activities such as butchering, tool maintenance, hide working or 
clothing manufacture.  Close (1978) compared length/width ratios for upper Paleolithic 
bladelets to determine stylistic similarities among site assemblages in a geographic area.  
She used principal components analysis to group similar assemblages, and argued that the 
similar artifacts represent a social group.  Processualism has also been influential in the 
analysis of Paleoindian lithic artifacts.  Bradley (1993:251) observed that in addition to 
classifying and comparing finished stone tools, Paleoindian researchers now view 
artifacts as “the result of manufacture, use, reuse, discard, and natural site formation 
processes.” 
 
Stylistic or Functional Variation in Lithic Artifacts 
The concepts of functional and stylistic variability in lithic artifacts have 
generated much research in archaeology (Barton 1990, 1997; Bettinger et al. 1996; 
Binford 1987; Binford and Binford 1966, 1969; Bordes 1961; Bordes and De Sonneville-
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Bordes 1970; Close 1978; Dunnell 1978; Hegmon 1992; Sackett 1982, 1985; Wiessner 
1983, 1985; Wobst 1977).  According to processual archaeology, functional variability 
refers to differences in the morphology of tools based on the activities for which they 
were used (Binford and Binford 1966).  Style has been defined as “a highly specific and 
characteristic manner of doing things which by its very nature is peculiar to a specific 
time and place” (Sackett 1982:63).  Evolutionary archaeology defines function and style 
differently from processualism.  Thus, evolutionary archaeologists argue that functional 
traits confer selective fitness on the population using the tools (Bettinger et al. 1996; 
Dunnell 1978; O’Brien and Holland 1992).  This is in contrast to stylistic traits that can 
display more variation because they are not under active selection.  I will discuss views 
of function and style from the perspectives of both processual and evolutionary 
archaeology. 
The Bordes-Binford debate about Middle Paleolithic stone tools is a famous 
example of how different archaeologists viewed functional or stylistic variation in artifact 
form (Binford and Binford 1966, 1969; Bordes 1961; Bordes and De Sonneville-Bordes 
1970).  Rolland and Dibble (1990:481-482) summarized both sides of the debate; Bordes 
viewed stone tools as resulting from the mental template used by the people who made 
them, while Binford described lithic assemblages as tool kits that represent different 
subsistence activities.  Bordes systematized the descriptions of a number of Mousterian 
stone tools, such as hand axes, backed knives, projectile points, scrapers, and 
denticulates. He assigned lithic assemblages to categories (Mousterian of Acheulean 
tradition Typical Denticulate or Quina Mousterian) based on the relative frequencies of 
each stone tool type present, expressed as percentage of the total number of tools in the 
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lithic assemblage (Bordes 1961).  The Bordesian typology provided a systematic method 
for other researchers to describe and compare Paleolithic assemblages (Binford and 
Binford 1966; Dibble 1987; Rolland and Dibble 1990:481; Sackett 1982). 
The Bordes Binford debate concerned explanations for variability among 
Mousterian assemblages.  The stylistic explanation of Francois Bordes (Bordes 1961; 
Bordes and De Sonneville-Bordes 1970) attributed specific Middle Paleolithic tools or 
assemblages of tools to particular ethnic groups.  Furthermore, he attributed differences 
in subsistence to these ethnic groups because different tool assemblages were associated 
with distinct faunal assemblages. For example, horse bones associated with Denticulate 
Mousterian and red deer and wild oxen with Typical Mousterian at Pech de l’Azé Cave in 
France (Bordes 1961:809).   These “ethnically” distinctive assemblages consisted of 
specific tool types or suites of types that occurred repeatedly in similar frequencies 
through time and across geographic space.  Binford and Binford (1966) proposed a 
functional explanation whereby stone tool assemblages represented different activities 
carried out at a particular site, such as hunting, cutting meat, and scraping hides.  
Therefore, a single ethnic group could have made and used the different stone tool types 
that Bordes had assigned to multiple ethnic groups.  This conclusion is more logical 
given that distinctive tool assemblages co-occurred at the same sites and in a wide 
geographic region. 
Assigning stone tools to particular typological classifications is complicated 
because morphological attributes such as the size or shape of stone tools can change 
through use and resharpening (Frison 1968: 154).  Thus, Dibble (1987:115) proposed that 
the different scraper types described by Bordes were the products of distinct stages of a 
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reduction sequence.  In an early stage of reduction, retouch on one edge resulted in a 
single-sided scraper.  The modification of a second edge created a double-sided scraper, 
and convergent scrapers were created when adjacent edges were retouched (Dibble 
1987:116).  In this way, Dibble linked Bordesian types to human behavior by describing 
them as resulting from a combination of factors including the size and shape of the 
original blank and the subsequent resharpening of stone tools. 
In response to the Bordes-Binford debate, James Sackett (1982) argued that lithic 
artifacts exhibited both functional and ethnic variability.  Sackett defined style as “a 
highly specific and characteristic manner of doing things which by its very nature is 
peculiar to a specific time and place” (Sackett 1982:63).  He coined the term 
“isochrestism” to describe the range of possible artifact forms as a “variety of 
functionally equivalent means to achieve any given end” (Sackett 1982:72).  
Flintknappers learned to manufacture stone tools in the context of a social group that 
employed only a few isochrestic forms from the many possibilities theoretically available 
to them.  Stylistic variants that arose subconsciously within the social group would have 
persisted through time via “learned behaviors that are socially transmitted” (Sackett 
1982:73).  Given the large number of “equivalent and equally functionally useful forms” 
(Sackett 1985: 158), unrelated social groups would not be expected to produce the same 
isochrestic variants. 
Sackett (1982, 1985) proposed that isochrestism was the basis for style in material 
culture among ethnic groups.  According to Sackett (1982:75), similar choices that were 
made in the "design and manufacture" of artifacts “should constitute a reasonably direct 
measure of the social interaction of the people who made and used them."  Thus, artifacts 
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produced by members of "the same group more closely resemble each other than they do 
functionally comparable things manufactured by any other group" (Sackett 1982:75).  He 
viewed the degree of artifact similarity among lithic assemblages from various sites as 
evidence for contact among social groups, and distinctive isochrestic variants indicated 
the presence of unrelated social groups on the landscape at a given point in time.  
Generally stylistic behavior was unconscious and was expressed as "choosing specific 
lines of procedure from the nearly infinite arc of possibility and sticking to them” 
(Sackett 1985:158).  Ethnicity can be defined as the perception that those who made 
similar artifacts behaved in a predictable manner while those who manufactured different 
artifacts were considered to belong to a different ethnic group (Sackett 1985:158). 
The reductive nature of lithic technology, as well as the properties of lithic raw 
material, constrains variation by limiting artifact size and shape (Sackett 1982:72-73).  In 
this respect, “style is no more than function writ small” (Sackett 1982: 75).  Thus the 
morphological attributes of artifacts are simultaneously both stylistic and functional in 
the sense of serving a utilitarian purpose.  Sackett’s concept of isochrestism includes 
many choices made by flintknappers concerning the manner in which the artifact was 
produced, beginning with the selection of raw material and continuing through the 
reduction sequence employed in manufacturing the artifact, its use and possible 
rejuvenation, and the point at which it was discarded.  Additionally, the concept of 
isochrestism also controls the acceptable range of variation in morphological attributes 
and the degree to which standardized tools “are reproduced within narrow margins of 
tolerance” (Sackett 1982:105). 
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Isochrestic variants "dominated entire continents for tens of millennia” (Sackett 
1982:64). Rolland and Dibble (1990:491-492) give two explanations for the presence of 
isochrestic variants among the Paleolithic stone tool industries of Eurasia.  First, variation 
in the frequencies of different tool types reflected the relative abundance of raw material 
in the local environment.  When good-quality local material was abundant and found in 
large sized nodules, lithic assemblages were characterized by the manufacture of a large 
number of cores, bifaces, and a few retouched tools.  Lithic assemblages recovered at 
sites further from preferred lithic-material sources contain high quantities of intensively 
retouched tools made from imported materials (Rolland and Dibble 1990:490-491).  
Second, they propose that isochrestic variants were caused by gradual changes in the 
motor- habits of flintknappers particularly in cases where hunter-gatherer groups 
maintained social or geographic distance.  Isochrestic style explains variation in Middle 
Paleolithic industries because the low site density created by highly mobile hunter-
gatherers does not support “the coexistence of several neucleated identity-conscious 
communities” (Roland and Dibble 1990:492). 
Style has been defined as a mechanism for sending messages to other populations 
(Binford 1986, 1989; Wiessner 1983, 1984, 1985; Wobst 1977).  Style has been “equated 
with that part of the formal variability in material culture that can be related to the 
participation of artifacts in processes of information exchange” (Wobst 1977:321).  
Wobst proposed that stylistic variation encodes a message being sent that may be 
received by its intended recipient or by another unintended recipient.  It is also possible 
that the message might never be received, but information exchange still occurs if the 
sender has a potential receiver in mind for the message.  The sender and receiver, or 
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potential receiver, of the stylistic message may be spatially or temporally separated from 
one another (Wobst 1977:322). 
According to Wobst (1977), artifact production and use is equivalent to the act of 
sending a message and it has been received if another group has access to the same 
artifacts.  Wobst states that members of a social group were enculturated to make certain 
styles of artifacts, such as clothing, that transmitted simple and repetitive stylistic 
messages conveying information about ownership or social identification.  In this model, 
the target group for stylistic messages should be distant enough so that other modes of 
communication are not feasible yet close enough to have knowledge enabling them to 
decode the message.  Wobst (1977:332-333) gives two examples of clothing that sent 
stylistic messages.  Wearing a particular style of coat as part of a military uniform 
allowed a soldier to identify the status of another and identify whether the approaching 
soldier was a friend or foe.  Likewise, different ethnic and language groups in Yugoslavia 
circa 1939 wore distinctive hats both to protect themselves from the elements, and to 
identify their social affiliations. 
Polly Wiessner applied the ideas expressed by Wobst to the material culture of 
San hunter-gatherers in southern Africa including men’s metal arrows (1983, 1985) and 
women’s beaded headbands (1984).  She viewed style as “formal variation in material 
culture that transmits information about personal and social identity” (Wiessner 1983: 
256).  Two types of style might be differentiated: emblemic style, characterized by 
widespread uniformity of traits that refers to groups, and assertive style, consisting of 
slight variation in attributes that relates to specific individuals (Wiessner 1983:257-258).  
She separated San metal arrows into three distinct groups based on variations in size and 
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shape, and assigned one variant to each of three San language groups, the !Kung, G/wi, 
and !Xo.  Then she argued that each of the bands endowed their arrows with both 
emblemic stylistic messages that warned neighboring populations not to cross territorial 
borders, and assertive stylistic messages that indicated which artisan made the arrow. 
Although Wiessner proposed that stylistic differences were evident at the level of 
language groups, her interviews with San hunters showed that they often could not 
identify arrows made by members of other bands (Wiessner 1983:269).  Therefore, it was 
not clear that any messages concerning social identity were being sent or received.  For 
this reason, Sackett (1985) debated the presence of intentional stylistic signals because 
the San hunters consistently failed to recognize either their own arrows or those made by 
members of other language groups.   
In San material culture, women’s beaded headbands would be a better indicator of 
stylistic differences than men’s arrows.  The beaded headbands, measuring 4 cm wide 
and 50 cm long, required 15 hours of manufacture over several weeks, and they were 
worn for several years.  Thus, they met Wobst’s (1977:330) criteria that artifacts with 
stylistic attributes should be visible at a distance, and should be seen by many 
individuals.  On the other hand, metal arrows had a short uselife (Sackett 1985:155; 
Wiessner 1985) and they were manufactured in less time than that required for beaded 
headbands. 
The degree to which artifacts carry conscious stylistic messages separates the 
concept of isochrestism from iconological approaches to style proposed by Wobst and 
Wiessner in which artifacts are intentionally endowed with social messages. Sackett, 
Wiessner, and Wobst agree that members of a social group learn to make similar artifacts, 
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but for Sackett stylistic variation is unconscious while for Wiessner and Wobst it is 
conscious.  According to Sackett (1985:158), members of a social group manufacture 
stone tools by “choosing specific lines of procedure from the nearly infinite arc of 
possibility and sticking to them.” In her response to Sackett, Wiessner (1985) asserted 
that stylistic behavior is used to form social relationships, while isochrestic behavior is 
habitual and used for “routine replication of certain standard types” (Wiessner 1985:161).  
Stylistic behavior occurs when “people compare their ways of making and decorating 
artifacts with those of others and then imitate, differentiate, ignore, or in some way 
comment on how aspects of the maker or bearer relate to their own social and personal 
identities” (Wiessner 1985:161). 
Iconological approaches to style, such as those proposed by Wiessner and Wobst, 
were not applied to this analysis because of the low densities posited for Paleoindian 
populations, and the reductive nature of lithic technology itself.  First, projectile points do 
not meet Wiessner’s own criteria for material culture carrying stylistic messages because 
these artifacts are small and cannot be seen from a distance (Wiessner 1985; Wobst 
1977).  Second, population density was probably extremely low during the Paleoindian 
period.  Wobst (1974:153) proposed that Paleoindian population density was 0.004 
people per square kilometer, and MacDonald (1998:222) provided a range from 0.001-
0.006 people per square kilometer.  Given these low population densities, Rolland and 
Dibble (1990:492) explain that hunter-gatherers would not form “identity-conscious 
communities”.  Therefore, it is unlikely that Paleoindian hunter-gatherer social groups 
consciously endowed projectile points with stylistic messages sent to their neighbors 
because competition for resources was probably minimal or nonexistent. 
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Evolutionary Archaeology and Cultural Transmission 
Evolutionary archaeology is a theoretical paradigm that scientifically applies 
Darwinian evolution to the archaeological record (Barton and Clark 1997; Bettinger et al. 
1996; Boyd and Richerson 1985; Dunnell 1978, 1980; Kuhn 2004; Leonard and Jones 
1987; Lyman and O’Brien 2003; O’Brien and Holland 1992; Rindos 1989; Shennnan 
2008).  Evolutionary archaeologists share the view that both biological and cultural 
descent follow the same rules (Kuhn 2004:562).  The processes that affect biological and 
cultural evolution include mutation, natural selection, and drift.  Mutation in biological 
evolution describes the appearance of new genetic variation (Dunnell 1980:38), but in 
cultural evolution, mutation occurs through innovation or unintentional copying errors 
(Bettinger et al. 1996; Eerkens and Lipo 2005; Rindos 1989:28; Shennan 2008).  Natural 
selection in biological evolution causes changes in the frequencies of genes in 
populations through time, but in cultural evolution it alters the distributions of cultural 
attributes in populations (Shennan 2008:76).  Finally, cultural attributes can change as a 
result of processes that are similar to genetic drift (Dunnell 1978, 1980).     
Practitioners of evolutionary archaeology differentiated their theoretical approach 
from those of the culture historical and processual paradigms.  Dunnell’s (1980:67) 
characterization of culture history as reliant upon seriation to divide human prehistory 
and history into temporal units based solely on artifact types just as geologists divided 
time into periods based on frequency of fossils agrees with the processual critique of 
culture history (Binford 1962, 1965; Roland and Dibble 1990).  Dunnell (1980:76-77) 
also critiqued the processual approach proposed by Binford because it limits discussion 
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of change to different variables in a cultural system rather than how change occurs 
through natural selection. 
In evolutionary archaeology, “change is viewed as “the differential persistence of 
behavioral variation” (Barton and Clark 1997:7).  Since artifact types often persist in the 
archaeological record longer than the lifetime of an individual, the presence of artifact 
types indicates that culturally-transmitted traits persist through time (Boyd and Richerson 
1985:60).  The battle-ship curves that described the changing frequency of artifacts in the 
archaeological record used in culture historical research are viewed by evolutionary 
archaeologists as a record of selective pressure acting upon artifact forms.  The increase 
in the curve equates with the period of time in which the feature obtained a selective 
advantage, the peak was its general use, and the decline was a period in which the trait 
was no longer under selective pressure (O’Brien and Holland 1992:49).  Although early 
anthropologists described the distribution of cultural traits over a wide geographic area, 
they did not develop a systematic theory to explain the spatial patterns that they observed 
(Lyman and O’Brien 2003:245).   
In the broadest terms, evolutionary archaeology provides the context in which 
humans adapt to both their natural and social environments (Barton and Clark 1997; 
Boyd and Richerson 1985; Rindos 1989).  Adaptation could occur in the genotype, 
genetic material inherited through sexual reproduction, and the phenotype, interaction 
between genotype and environmental factors.  The manufacture and use of artifacts is an 
important component of human phenotypic variation (Boone and Smith 1998; O’Brien 
and Holland 1992).  Phenotypic variation can be related to genetic variation because 
social learning should “lead to behaviors that result in genetic fitness” (Bettinger 
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1991:190).  The replicative success of phenotypes is directly affected by natural selection 
(Leonard and Jones 1987:213; O'Brien and Holland 1992:37).  
Phenotypic variation can be transmitted in distinct ways from genotypes because, 
while genes can only be inherited from parents, cultural variants can be learned from 
different members of a social group (Boone and Smith 1998:S144; Dunnell 1980:66).  
Boyd and Richerson (1985) coined the term cultural transmission to describe three 
different ways that knowledge is acquired by members of a social group.  First, cultural 
transmission can be vertical when behaviors are learned from parents.  Second, it can be 
oblique when youth learn behaviors from grandparents, aunts and uncles, or any other 
teachers from previous generations.  Third, it can be horizontal when behaviors are 
acquired from siblings or peers.  In the evolutionary theoretical framework, cultural 
transmission is analogous to sexual reproduction because both processes increase the 
amount of variability that is present while shortening the time needed for an adaptive 
response to arise in a population (Bettinger et al. 1996). 
After identifying mechanisms for cultural transmission, it is necessary to consider 
how and why certain traits persist through time.  Boyd and Richerson (1985:243) explain 
that “naive individuals” (i.e.) unenculturated individuals or youth, might copy “indicator 
traits” that are possessed by successful individuals.  Since cultural behaviors are complex, 
“the relationship between different kinds of behaviors and success is obscured.  . It may 
be easier for individuals simply to select a trait that seems highly correlated with success 
and emulate the entire behavioral repertoire—or at least as much as they can—of those 
individuals who display the trait thought to be most correlated with success” (Bettinger 
1991:196) MacDonald (2010:44) proposed that projectile points were indicator traits in 
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the Paleoindian archaeological record.  He applied Boyd and Richerson’s ideas to 
Paleoindian groups and argued that copying the projectile point style along with other 
traits of successful hunters minimized the risk of failure to procure meat (MacDonald 
2010:46).  Although novice flintknappers did not create “perfect replicas” of projectile 
points made by their teachers, the resulting hunting weaponry often met “acceptable 
performance criteria for projectile points,” and stone tools made by less experienced 
flintknappers could have been used and discarded in the same assemblages as those 
produced by more skilled individuals (Hamilton and Buchanan 2009:56).  See Chapter 3 
for a discussion of flintknapping skill as it relates to morphological variability in Cody 
Complex projectile points (Bamforth 1991). 
Cultural transmission occurs for both functional and stylistic traits.  In 
evolutionary archaeology, function is defined as increasing the Darwinian fitness of a 
population rather than the common usage of the word as a synonym for “use” (Dunnell 
1978:200).  Functional traits are subject to selective pressures because they directly 
contribute to the reproductive fitness of the individuals or groups using the artifacts.  As 
Kuhn (2004:562) explains, use of an efficient tool would have reduced the amount of 
time needed for procuring food, which, in turn, would have increased the amount of time 
available for other activities such as reproduction and child-care, or “prestige-building” 
and developing social relationships. 
According to Dunnell (1978), there is a dichotomy between functional traits 
described above, and stylistic traits that are selectively neutral and do not influence the 
reproductive fitness of human populations using the artifact.  Thus, stylistic attributes 
may vary widely while selective pressure limits variation in functional traits.  A large 
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number of neutral traits increases the total diversity of cultural systems (Dunnell 
1978:198-199).  While some traits may be selectively neutral at a given time, they may 
become adaptive if conditions change in the future.  Thus, the presence of many neutral 
traits in a cultural system in and of itself has selective value. 
Dunnell’s dichotomy between functional and stylistic traits presented an 
“oversimplified picture of evolutionary processes” (Bettinger et al. 1996:134).  Stylistic 
traits are subject to selective pressure (Wiessner 1986:156), and cultural processes acted 
as proxies for sexual selection (Bettinger et al. 1996).  Within group variation for stylistic 
traits would be low, while between group variation would be high (Bettinger et al. 
1996:148).  Finally, the question of whether stylistic traits are neutral or adaptive may not 
be important when considering the role stylistic traits play in social interaction.  O’Brien 
and Holland (1992:47) observed that the use of certain artifact styles may indicate 
membership in a group is adaptive because individuals could gain access to any resources 
controlled by the social group.  I will return to the issue of stylistic variation among 
artifacts in later chapters. 
This chapter presented theoretical perspectives that build a context for hunter-
gatherer technological organization, specifically the manufacture and use of projectile 
points and other stone tools.  I briefly reviewed three theoretical perspectives that were 
developed to explain how and why artifacts vary through time.  Prior to the 1960s, 
culture history emphasized creation and description of artifact types as the "mental 
templates" of the people who used them.  In the next chapter, I will explain that 
Archaeologists still use some of these typological designations as shorthand to describe 
differences in the physical appearance of particular projectile points (Wormington 1957).  
35 
 
Processualism and evolutionary archaeology are later, more scientific, theoretical 
perspectives that influence my research.  Briefly, Processualism deals with what activities 
were conducted and how they could be recognized archaeologically (Binford 1962, 1965; 
Trigger 2006:392-444), and Evolutionary archaeology is the application of Darwinian 
evolution to human behavior (Dunnell 1980).  These perspectives inform the hypotheses 
that I present in Chapter 3 because I am concerned with how the morphological 
variability observed in projectile points relates to the social organization of hunter-
gatherers.  Hypotheses described in the next chapter relate variability in Cody Complex 
projectile points to issues of style and function in stone tool manufacture (Binford 1989; 
Sackett 1982, 1985, 1986; Wiessner 1983, 1985).  This research also draws upon theories 
of cultural transmission (Bettinger et al. 1996; Boyd and Richerson 1985) and especially 
as it is applied to the Paleoindian case by MacDonald (2010) and Hamilton and Buchanan 
(2009). 
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Chapter 3 
Cody Complex Culture History 
In this chapter, I will describe morphological variability among the projectile 
point types in the Cody Complex of the Late Paleoindian period (Jepsen 1951:24; 
Wormington 1948, 1957).  First, I will define the Cody Complex, including its spatial and 
temporal distribution on the Great Plains.  Second, I will describe the general 
morphological characteristics that define the various projectile point types that have been 
associated with the Cody Complex.  Third, I will discuss how the Cody Complex 
projectile points might have been affected by general sources of variation described in 
Chapter 2 such as the organization of technology, and concepts of artifact style.  Finally, I 
will present the hypotheses that were tested in this study. 
Archaeologists divide the Great Plains into geographic regions called the 
Southern, Central, Northern, and Northwestern Plains (Bamforth 1988:5-6).  Western and 
part of central Texas, Oklahoma, eastern New Mexico, southeastern Colorado, and 
southwestern Kansas, comprise the Southern Plains.  The Llano Estacado of eastern New 
Mexico and western Texas is a Southern Plains subregion that encompasses the well-
known archaeological sites of Blackwater Draw, San Jon, and Lubbock Lake (Holliday 
1997).  The Central Plains includes northern Kansas, Nebraska, northern Colorado, and 
southeastern Wyoming.  The Colorado piedmont is a topographic and structural basin 
that separates the Rocky Mountains from the High Plains in Nebraska (Holliday 1987; 
Mandryk 1998), and it is the physiographic setting for the sites of Frasca, Lamb Spring, 
Nelson and Jurgens (Fulgham and Stanford 1982; Kornfeld et al. 2007; Stanford et al. 
1981; Wheat 1979).  The Northern Plains includes North and South Dakota, and the 
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Canadian prairie provinces of Alberta and Saskatchewan; Wyoming and Montana 
comprise the Northwestern Plains (Bamforth 1988:6).  Holliday and Mandel (2006) 
differentiate the plains regions with reference to rivers and geographic features: the 
Canadian river on the Southern Plains, the Arkansas and South Platte rivers on the 
Central Plains, and the Missouri River and the Pine Ridge Escarpment on the Northern 
Plains.  The archaeological sites on which this study is based are concentrated in New 
Mexico, Colorado, and Wyoming and thus they are located on the Northwestern Plains 
and the western portion of the Central and Southern Plains. 
Before proceeding, it will be useful to define the term Complex as it relates to 
groups of artifacts.  According to H. M. Wormington (1957:275), a complex is “a group 
of related traits or characteristics that combine to form a complete activity, process, or 
cultural unit.  Lithic complexes are identified by the presence of several key implement 
or tool types in association.”  Projectile points and knives often form the basis for 
different Paleoindian complexes such as Alberta (Forbis 1968), Cody (Wormington 
1957), and Firstview (Wheat 1972, 1979). 
Generally, projectile points can be described as having (1) a tip to penetrate the 
animal, (2) a base or stem to attach to a shaft, and (3) a blade as a transition between the 
hafting element and the tip (Wheat 1976:7); morphological variability could occur in any 
of these three characteristics.  Morphological variability in the base or stem of the 
projectile points might also be due to the constraints of creating a hafting element.  
During replicative experiments, Flenniken and Raymond (1986:605-606) altered the 
bases of most projectile points to fit them onto the foreshafts that they had already 
manufactured.  Likewise, Keeley (1982:800) observed that creating the haft for a tool 
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was more time-consuming than the manufacture of the stone tool itself.  He reviewed 
ethnographic literature that indicates that flintknappers routinely removed broken tools 
and inserted newly-manufactured tools into the hafts.  In fact, Bamforth and Bleed 
(1997:123) conservatively estimated that a skilled flintknapper could make a projectile 
point in less than an hour’s time.  Given experimental and ethnographic evidence that 
hafts are more labor-intensive to create than stone tools are, it is not surprising that 
hunter-gatherers would repair and reuse projectile points that broke in or just distal to the 
hafting element.  I will discuss rejuvenating projectile points below. 
Cody Complex projectile points are typically lanceolate to triangular with square 
or slightly expanding stems, often exhibiting parallel flaking (Bamforth 1991:314-316).  
For example, projectile points have been called Eden if they are slender, have a marked 
medial ridge creating a diamond shaped cross section, and a short, narrow stem (Figure 
3.1).  Scottsbluff is the term for projectile points that are thinner, wider, and more 
triangular than Eden points; Scottsbluff points have a markedly indented stem with 
prominent shoulders (Figure 3.2).  Eden and Scottsbluff points together with an 
asymmetrical biface (resembling an Exacto knife) called a Cody knife, were the 
diagnostic artifacts for what became known as the Cody Complex (Jepson 1951; 
Wormington 1957; Figure 3.3).  Eden and Scottsbluff points were frequently associated 
in sites across the Great Plains (Howard 1943:225; Wormington 1957). These types 
became the traditionally accepted ends of a continuum of variation in Cody Complex 
projectile points (Wormington 1957:136).  Some examples of lithic assemblages that 
contain Eden and Scottsbluff points associated with Cody knives in excavated contexts 
are: the Claypool site in Colorado, (Stanford and Albanese 1975), the Horner site in 
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Wyoming (Bradley and Frison 1987:220); Wormington 1957), and the R-6 site in New 
Mexico (Stanford and Patten 1984). 
Several researchers subsequently named other culture historical types in an 
attempt to describe artifacts that differed from the Scottsbluff and Eden types (Roberts 
1942; Sellards 1952; Wheat 1972, 1979; Bradley and Frison 1987).  One literature 
review, Bamforth (1991:315), catalogued a minimum of 11 different type designations 
for Cody Complex projectile points.  Two new projectile point types—Firstview and 
Kersey —were defined by Wheat (1972, 1979) and, together with the existing San Jon 
type (Roberts 1942), they were assigned to the Firstview Complex.  Wheat's Firstview  
 Complex was described as the Central and Southern Plains equivalent of the Cody 
Complex on the Northern Plains (Wheat 1972:163-164).  The Firstview Complex was 
originally thought to be slightly older than the Cody Complex; in this chapter, I will 
present recent research (Holliday et al. 1999:451) that disproves Wheat’s claimed 
chronological relationship.  The propensity to name different types when encountering 
slight morphological variations among artifacts has created a conceptual and typological 
problem because some researchers split projectile points into Cody and Firstview  
Complexes, and others argue that all square-based lanceolate projectile points belong to 
the Cody Complex.  In this study, I evaluated the degree of similarity between Cody and 
Firstview Complex projectile points.  I provide a detailed description of the history of 
research into Cody and Firstview Complex projectile points in the following sections of 
this chapter.  
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Figure 3.1. Examples of Eden points from Horner I (reproduced from Bradley and Frison 
1987:Figure 6.10).  
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Figure 3.2. Examples of Scottsbluff points from Horner I (reproduced from Bradley and 
Frison 1987:Figure 6.7).  
 
The Cody Complex is one of several in the Late Paleoindian period, and Table 
3.1, after Holliday 2000, presents a chart of various known cultural Complexes included 
in, or closely related to Cody.  Researchers have assigned slightly different ranges of 
dates for the Alberta, Cody and Firstview Complexes, but scholars agree that they date to 
the early Holocene from approximately 10,000 B.P. to 8,200 B.P (Frison 1991; Holliday 
2000).  There appears to be temporal overlap in date ranges for Cody and other late 
Paleoindian projectile point types such as Plainview (Holliday 2000:264). 
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Table 3.1. Cody Complex Projectile Points and Knives 
Type Figure Number 
Eden Figure 3.1 
Scottsbluff I Figure 3.2 
Cody Knife Figure 3.3 
Cody Point Production Experiment Figure 3.4 
Alberta/Cody I & II Figure 3.5 
Alberta/Cody II Figure 3.6 
Firstview Figure 3.7 
Kersey Figure 3.8 
San Jon Figure 3.9 
 
Cody Complex sites have a wide geographic distribution, and many sites are 
larger than those of earlier Paleoindian Complexes, suggesting that population densities 
may have increased by the Late Paleoindian period (Holliday 1997:185; Stanford 
1999:321).  Cody Complex sites are generally accepted as being on the North American 
Great Plains (Frison 1991; Hofman and Graham 1998; Holliday 1997), extending from 
southern Canada on the north--including Fletcher in Alberta (Forbis 1968) and Dunn in 
Saskatchewan (Ebell 1988)–to the south to the Texas sites of Lubbock Lake (Johnson and 
Holliday 1981) and Seminole Rose (Collins et al. 1997).  Cody Complex artifacts and 
sites have also been found in the Rocky Mountains on the western margins of the Great 
Plains, (Forbis and Sperry 1952; Pinson et al. 2009; Pitblado 2003; Shortt 2002), and 
further west in the Great Basin (Amick 2013).  The 13 sites included in this study 
comprise a subset of known Cody Complex sites that are located in Wyoming, western  
Nebraska, Colorado, and eastern New Mexico (see figure 4.2).  Although Cody-related 
artifacts have been reported elsewhere in North America including Wisconsin (Mason 
and Irwin 1960), and the Gulf Coast of Texas (Stanford 1999:321; Wormington 
1957:123-124), sites located east of the Great Plains are not included in this study.  The 
assemblages used in this study from bison kill/processing sites on the Great Plains, and  
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Figure 3.3.  Examples of Cody knives from Horner I (reproduced from Bradley and 
Frison 1987:Figure 6.15).  
 
 
the adjacent Rocky Mountains, ensure that the artifacts were used in broadly similar 
environments (grassland biomes during the past) and for comparable subsistence tasks 
(bison hunts).  Thus, the observed morphological variability among projectile points can 
be associated with hunting in grassland biomes.  During the Holocene, higher 
precipitation supported grass species that provided forage for B. antiquus at the Finley 
and Horner sites (Todd and Hofman 1987:538), but now vegetation around these sites is 
primarily greasewood and sagebrush (Frison 1987:9; Hack 1943:235-236). 
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Previous Research on Cody Complex Projectile Points 
Shortly after the Folsom site was discovered in Northeastern New Mexico in 
1927, archaeologists began describing nonfluted lanceolate projectile points that seemed 
different from fluted Folsom points, but also quite old (Barbour and Schultz 1932; 
Renaud 1932).  In 1928, A. E. Jenks examined finely flaked lanceolate points found in 
surface collections made by Perry and Harold Anderson from Yuma County in 
northeastern Colorado (Wormington 1957).  Named Yuma points by E. B. Renaud (1931, 
1932), they were considered by some archaeologists to be older and more primitive than 
fluted Folsom points, but subsequent stratigraphic analysis of buried sites showed that 
Yuma points postdated Folsom points (Forbis and Sperry 1952; Hack 1943;  Roberts 
1942:8-10; Wormington 1948, 1957).  As more artifacts were studied, researchers 
subdivided Yuma points into groups such as "collateral Yuma", "generalized Yuma", 
"indeterminant Yuma” and "oblique Yuma", based on morphological variation 
(Wormington 1948, 1949, 1957).  Likewise, Yuma points could be parallel sided, 
triangular, or leaf-shaped and bases were described as straight to concave to convex 
(Wormington 1948, 1957:105).  The Yuma designation was imprecise because the term 
quickly became a “catch-all category” for projectile points that were unfluted, unnotched, 
and lacked barbs (Wormington 1957:103). 
Within 20 years of the first excavations at Folsom New Mexico, archaeologists 
began to deal with inconsistencies in typological assignments for fluted and nonfluted 
projectile points.  This problem was the subject of a conference organized by the 
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University Museum of Philadelphia, and the Laboratory of Anthropology in Santa Fe 
during September 1941 (Howard 1943:227).  The conference attendees discussions of 
nonfluted points were focused on resolving confusion surrounding use of the various 
designations for Yuma points.  They decided to use the general term “parallel-flaked" 
points as an overarching category within which they placed “Eden Yuma" points, a new 
name for what was previously called “collateral Yuma”.  Then, they discontinued the use 
of the terms “indeterminate or generalized Yuma” and retained the name “oblique 
Yuma,", for a type with fine oblique flaking (Howard 1943:228).  Finally, Howard 
(1943:232) suggested that the Finley site should be the type site for the long, slender 
“Eden Yuma” and that the Scottsbluff site in western Nebraska should be the type 
locality for the wide, flat, type of projectile point. 
In a subsequent reflection on the work of the Santa Fe conference, Wormington 
(1948:12) advocated discarding the Yuma classification altogether and separated 
projectile point types with parallel flaking from those with oblique flaking.  She replaced 
the many different names for Yuma points with thorough descriptions for two 
contemporaneous types of projectile points having parallel flaking, Eden and Scottsbluff 
(Wormington 1948, 1957).  She classified projectile points with lenticular cross sections 
as the Scottsbluff type after four artifacts recovered from a bone bed known as the 
Scottsbluff bison quarry in western Nebraska (Barbour and Schultz 1932).  Projectile 
points that had a narrow blade with a diamond-shaped cross section and a narrow stem 
were assigned to the Eden type, because they resembled artifacts found in situ at the 
Finley site near Eden, Wyoming (Howard 1943). 
Scottsbluff points are wide and comparatively thin with a marked stem that is 
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narrower than the blade of the projectile point.  The characteristic lenticular cross section 
was formed by transverse flakes that were removed at right angles to the long axis of the 
point.  The pressure flaking sequence used to finish Scottsbluff points has been described 
as transmedial because transverse flakes were allowed to carry across the midline of the 
projectile point (Bradley and Frison 1987; Bradley and Stanford 1987).  This flaking 
technique ensured that the projectile points were thin and wide relative to their length 
(Wormington 1957:118).  Wormington subdivided the type into two variants; type I is 
thinner and wider than type II (Wormington 1957:137).  In both Scottsbluff types I and 
II, the margins display a pattern of parallel to sub parallel flake scars that are wide 
compared to those on Eden points.  Scottsbluff points have been recovered throughout the 
Great Plains from Canada (Wormington 1957; Forbis 1968) to New Mexico (Sellards 
1952). 
The diamond-shaped cross section seen on Eden points easily distinguishes this 
type from the lenticular shaped cross section of Scottsbluff points.  Eden points are 
relatively thick and narrow with parallel sides tapering to the tip, a square base, and small 
shoulders marking a slightly indented stem (Wormington 1957:124).  The medial ridge 
was formed because flakes were not allowed to cross the midline of the projectile point.  
This pattern of pressure flaking has been described as comedial (Bradley and Stanford 
1987:412).  Although Eden points are recognized by the sharp medial ridge, Wormington 
(1957:124), noted that the ridge is sometimes more rounded and less pronounced. 
A single reduction sequence has been proposed by Bradley and Stanford (1987) to 
explain the co-occurrence of projectile points with lenticular cross sections (Scottsbluff 
type) and projectile points with diamond-shaped cross sections (Eden type) in site 
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assemblages across the Great Plains.  Bradley and Stanford conducted flintknapping 
experiments to replicate the diamond-shaped cross section of Eden points by aligning a 
wooden block with a rectangular opening directly underneath the preform (Figure 3.4; 
Bradley and Stanford 1987:416).   Pressure flakes were detached from the preform over 
this opening in the block, ensuring that they were free from any pressure generated by the 
hand against which the block was held.  This method produced short flake scars that 
terminated at the midline of the point, created a sharp medial ridge, and flake scars 
resulting from the strong bulbs of percussion produced sharp, straight lateral margins.  
The lenticular cross sections of Scottsbluff points could be produced without using the 
wooden block because the preform was held between the palm and fingers creating 
pressure that allowed flakes to continue across the midline of the projectile point. 
 Bradley and Stanford argued that the morphological attributes of Scottsbluff and 
Eden projectile points correspond to decisions made by flintknappers about when or at 
what stage in the reduction process to terminate the manufacture of the projectile point.  
They defined seven stages of manufacture, including raw material procurement,  
percussion flaking in preform manufacture, selective pressure flaking, and up to four 
stages of serial flake removals on both faces from each lateral margin (Bradley and 
Stanford 1987:412-417).  Projectile points at the third stage of reduction had the 
lenticular cross section previously described as the Scottsbluff type.  Projectile points at 
the fourth to seventh stages of the reduction sequence possessed the marked medial 
ridges typical of Eden points.  A comparison of the experimental reduction sequence to 
archaeological data showed that most projectile points from the Claypool and Olsen-
Chubbuck sites terminated at stages 4 and 5 of the experimental reduction sequence and  
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were classified as Eden points (Bradley and Stanford 1987:428). In his analysis of the 
Hell Gap Locality V Eden points, Knell (2007:208) noted  percussion flaking at later 
stages of the reduction sequence than indicated with the Bradley and Stanford 
experimental sequence; pressure flaking only occurred at the latest stages of reduction.  
Specific width to thickness ratios were associated with each stage of the 
experimental reduction sequence.  The stage chosen for termination of manufacture is 
hypothesized to be related to the desired contour of the projectile point, how urgently a 
functional point is needed, and constraints of raw material or flaking mistakes (Bradley 
and Stanford 1987:417).  Their experimental reduction sequence shows that several 
flaking techniques can be employed to produce the stem of Eden points.  Stemming 
options for Eden points include thinning from lateral margins and removing flakes from  
 
 
Figure 3.4.  Eden/Scottsbluff experimental projectile point production: (I) slotted board 
used to produce serial comedial flaking and diamond shaped cross section, (a) side view, 
(b) top view, (c) cross-section and, (d) oblique view (after Bradley and Frison 
1987:Figure A2.8)and; (II) ideal reduction stages in Cody point manufacture (a-f stages 
1-7) (after Bradley and Frison 1987:Figure A2.7). 
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the basal margin.  Additional finishing techniques for stems include “fine retouch with 
grinding, primary flaking with grinding, grinding only, and fine retouch only” (Bradley 
and Stanford 1987:426).  These stemming methods produced Eden points with 
completely square or slightly flaring stems.  Bradley and Stanford (1987:434) conclude 
that “a broad range of accepted variation in attributes of Cody Complex projectile points 
was influenced by social as well as individual factors”. 
Recently, Bradley (2009:268-270) reevaluated the model reduction sequence for 
manufacture of lenticular and diamond-shaped projectile points as a result of his 
examination of  the Cody Complex assemblages from both Hell Gap localities I and V.  
Bradley  reassigned the projectile points to the Eden type because he thinks that they do 
not possess the lenticular cross section which archaeologists consider to be a defining 
characteristic of the Scottsbluff type (Wormington 1957).  Then, Bradley (2009:270) 
speculated that Eden projectile points could be created with less retouch than the three or 
four stages of serial flake removals proposed in the model reduction sequence (Bradley 
and Stanford 1987:412-413).  It is possible that Bradley's comment regarding the amount 
of retouch required to produce an Eden point may simply reflect variability between the 
Claypool assemblage that provided raw data for the model reduction sequence and the 
Hell Gap assemblages that prompted his recent observation.  Bradley's idea is interesting, 
and I will revisit it below. 
Discussion of the various Cody complex projectile point types must also include a 
consideration of the associated, though somewhat older, Alberta projectile point type.  
The Alberta projectile point type though broadly similar to the Scottsbluff point type 
50 
 
(Wormington 1957:134) has a more limited geographic distribution ranging from Canada 
(Forbis 1968), Montana (Forbis and Sperry 1952), Wyoming (Irwin-Williams et al. 
1973), Nebraska (Agenbroad 1978) to northern Colorado (Gebhard 1949).  The inclusion 
of Alberta points in the Cody Complex has been supported by data from several 
excavated sites including stratigraphy, uncalibrated radiocarbon dates (Table 4.2), and 
association with diagnostic artifacts of the Cody Complex.  Excavations at the Hudson-
Meng Site produced a Cody knife in association with Alberta points, making the Alberta 
type the basal member of the Cody Complex (Agenbroad 1978:80).  Stratigraphy at Hell 
Gap shows that Alberta points are older than Scottsbluff points (Irwin-Williams et al. 
1973:43).  This conclusion is supported by radiocarbon dates of 9380±100 B.P. (SMU-
102) on bone organics from the Hudson-Meng Site, (Agenbroad 1978:116), and 
9380±110 B.P. (TO-1097)on carbonized seeds from the Fletcher site (Vickers and 
Beaudoin 1989); however, Agenbroad (1978:116) also reported an older date on charcoal 
of 9820±100 (SMU-224). 
Alberta points often are larger in total size and have longer stems with more 
convex bases than Scottsbluff points (Wormington 1957:134).    In support of 
Wormington’s observation, Agenbroad (1978:75-80) reported length and width 
measurements for Alberta points from Fletcher, Hell Gap and Hudson-Meng as well as 
local private collections from Sioux County Nebraska.    At the Fletcher site Alberta  
points were recovered in the bone bed while Scottsbluff points were collected from the 
surface (Forbis 1968:6); however, Huckell (1978:187) argued that Forbis assigned 
reworked Alberta points to the Scottsbluff type, and all points regardless of type 
displayed the same percussion flaking.  Large flake scars on Alberta points indicate that 
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they are finished with soft hammer percussion flaking rather than with the pressure 
flaking noted on Scottsbluff points (Huckell 1978).  One researcher (Bradley 1991:385) 
proposed that there are variants within the Alberta projectile point type because the 
Hudson-Meng points exhibit more systematic collateral flaking than the three Alberta 
points found at Hell Gap Locality I. 
 The Alberta point type, because it is manufactured primarily by percussion 
flaking, has been considered as an exception to the traditionally-accepted continuum of 
variation between Scottsbluff and Eden points (Bamforth 1991:316).  There is no 
experimentally-derived reduction sequence for Alberta points that is comparable to the 
one that Bradley and Stanford (1987) published for the Scottsbluff and Eden types.  
Fewer Alberta projectile points have been studied and no preforms or early stage bifaces 
were recovered from the Hudson-Meng site (Huckell 1978:181).  In the later stages of 
manufacture, pressure flaking was used to prepare a series of striking platforms along 
each margin of the projectile point.  Then small, controlled, percussion flakes were 
removed from the striking platforms.  The average distance between the centers of 
adjacent flake scars was 11 mm; “this permitted each successive flake to be guided in 
part by the edge of the previous flake scar” (Huckell 1978:183).  The regular pressure 
flaking is particularly noticeable on the Alberta points made from Knife River Flint when 
compared to the flake scar pattern on points made from locally-available material, and 
this suggests that preservation of raw material was important for the nonlocal materials. 
 During further investigations at the Horner Site, Bradley and Frison (1987:207) 
described two transitional projectile point types, Alberta/Cody I and II, that 
technologically and typologically fall on a continuum of variation between the Alberta 
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and the Eden/Scottsbluff types (Figures 3.5-3.6).  As the names suggest, these projectile 
point types are similar to the Alberta type, but they also share characteristics of 
Scottsbluff or Eden points, respectively (Bradley and Frison 1987:219-220).  The 
Alberta/Cody I type designation refers to projectile points that have wide blades and long, 
rounded-base stems caused by removing basal thinning flakes at the lateral margins.  
Bradley and Frison noted that while the bases of Alberta/Cody I points are rounded, the 
bases of Scottsbluff points are squared.  Alberta/Cody I points are identical to Scottsbluff 
in all other respects because both types are also finished with transmedial pressure  
 
Figure 3.5. Examples of Alberta/Cody I; a-c, e-j: and Alberta/Cody II; d (reproduced 
from Bradley and Frison 1987:Figure 6.1). 
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flaking.  Bradley and Frison (1987:206) propose that the Alberta/Cody II points were 
produced by removing another series of flakes from what were Alberta/Cody I points. 
 
 
Figure 3.6. Examples of Alberta/Cody II projectile points from Horner 1 (reproduced 
from Bradley and Frison 1987: Figure 6.6)  
 
Alberta/Cody II points also have convex-based stems, but have narrower blades 
and are otherwise indistinguishable from the Eden type.  Both the Eden and Alberta/Cody 
II point types have characteristic diamond-shaped cross sections that were produced by 
comedial flaking.  The comedial flake scars on Alberta/Cody II points were wider than 
those on Eden points.  Alberta/Cody II points probably included two stages of serial 
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flaking on both margins of each face that produced sinuous margins; selective retouch 
was used to straighten the margins.  Eden points were finished with shallow and narrow 
pressure flakes that produced a straight margin (Bradley and Frison 1987:220). 
Both the Alberta/Cody type I and II points are associated with a radiocarbon date 
of 10,060 + 220 (SI-10900) from the Horner II bone bed (Frison and Todd 1987).  This 
radiocarbon date is older than those obtained for Cody sites (Table 4.2).  These types 
have only been reported for the Horner site (Frison 1991:62-63).  Taken together, the 
Alberta, Alberta/Cody I and II, and Scottsbluff and Eden types represent a stylistic 
continuum that lasted about 1400 radiocarbon years (Holliday 2000:269). 
 
Central and Southern Plains Research and Alternative Classifications 
Additional typological classifications were developed from the excavation of sites 
on the Central and Southern Plains.  This includes San Jon projectile points (Roberts 
1942), the Portales Complex (Sellards 1952), both the Firstview type and Complex 
(Wheat 1972), and the Kersey projectile point type that was added to the Firstview 
Complex (Figures 3.7-3.9; Wheat 1979).  These projectile point types and cultural 
Complexes will be discussed chronologically. 
San Jon points have a "thick-bodied blade with a square base, parallel sides and 
rounding tip" (Roberts 1942:7).  Wheat (1972:145) expanded the  typological description 
to include points that have slight shoulders and  “lenticular cross-sections sometimes 
approaching a rounded median ridge.”  The San Jon projectile points are most likely 
reworked Eden projectile points (Hofman and Graham 1998:113).   This is because San 
Jon points are “consistently smaller in absolute dimensions” than Scottsbluff points and 
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they are shorter than “classic” Eden points (Wheat 1972:145). Since Roberts only 
recovered two points, Knudson (1995) argued that the type lacks classificatory 
significance. 
The Portales Complex was based on the association of Eden, Scottsbluff, and San 
Jon projectile point types recovered from excavations at Blackwater Draw Locality 1 
Stratum 5 (Sellards 1952:72-74).  Sellards argued that these artifacts were associated with 
a bison kill in sandy units of Stratum 5 and that the 16 projectile points proved this 
“culture” arrived on the Southern High Plains after Folsom times, given its position 
above deposits containing Folsom points.  The Portales Complex was not a well-defined 
chronostratigraphic unit because of the limited provenience information from Sellards’ 
excavations; the points assigned to it include multiple styles Angostura, Eden, 
Scottsbluff, Milnesand, "parallel flaked points", Plainview, and San Jon (Hester 
1972:136-143; Holliday 1997:73).  Sellards defined a single cultural component from 
projectile points in three distinctive geologic units: white sand, jointed sand, and 
carbonaceous silt.  Since projectile points were redeposited into the sandy units, Hester 
referred to them as the Parallel Flaked Horizon, and suggested that they spanned a time 
period of 3,000 years.  The projectile points that Sellards described as the Portales 
Complex have also been assigned to the Firstview Complex (Wheat 1972). 
More recently, Johnson and Holliday (1997) analyzed the Station E bone bed and 
offered further evidence that the Portales Complex lacked chronological meaning.  Two 
radiocarbon samples were taken from organic-rich sediments that were preserved in situ 
in plaster jackets by the Sellards excavation.   The radiocarbon dates suggest that there 
were two kills that occurred at different times. The radiocarbon date for the first sample  
56 
 
(TMM937-17) is 8690±70 B.P. (SMU.1671) and the second sample (TMM937-16) is 
dated to 8970±60 B.P (SMU.1672).  These dates have “no statistical overlap at two- 
sigma, suggesting that at least two kills are represented in the Station E bone bed" 
(Johnson and Holliday 1997:337.  Both the uncertain radiocarbon dates, and the mixed 
stratigraphy described by Hester (1972), show that the Poartales Complex is not a valid 
culture historical unit (Holliday 2000:251). 
 
 
Figure 3.7.  Selected Firstview points from the Olsen-Chubbuck site, Colorado.  
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Figure 3.8. Selected Kersey points from the Jurgens site. 
 
The Firstview Complex was developed by Wheat (1972:153-154) as an 
alternative classification for the Southern Plains specifically to differentiate lithic 
assemblages found in Texas, New Mexico, and Colorado from Cody Complex sites in a 
geographic area that Wheat defined as the Northern Plains, (i.e.) Wyoming, Montana, the 
Dakotas, and the Canadian provinces of Alberta and Saskatchewan.  He placed five 
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projectile point types into the Firstview Complex: San Jon, Firstview, Kersey, Plainview, 
and Milnesand (Wheat 1972:154).  Since Wheat included unstemmed types such as 
Plainview and Milnesand in the Firstview Complex, he asserted that Firstview began 
earlier than the Cody Complex.  Yet, he also stated that the Firstview and San Jon types 
were contemporaneous with Eden and Scottsbluff types which made Firstview 
contemporary with Cody.  The Firstview type is based on a sample of 13 complete and 5 
fragmentary projectile points recovered from the Olsen-Chubbuck site (Wheat 1972:152).  
The Firstview projectile point type was described as lanceolate to leaf-shaped without 
pronounced shoulders, and stem edges were finished with grinding instead of flaking 
(Wheat 1972:125).  Cross sections range from lenticular to diamond-shaped with median 
ridges, and stems varied from parallel-sided to expanding (Wheat 1972:147).  However, 
it should be noted that Wheat (1967) initially described the projectile points from the 
Olsen-Chubbuck site as belonging to the Eden and Scottsbluff types.  During later 
excavations at Blackwater Draw, Agogino and colleagues (1976:221) placed the 
Firstview type in the Cody Complex based on morphological similarity to the Scottsbluff 
and Eden points. 
It has been observed that Firstview Complex projectile points have the same 
technological attributes as Cody Complex projectile points (Bradley 1991:390-391, 
1993:260).  Archaeologists have compared the projectile points from Olsen-Chubbuck to  
projectile points from the Blackwater Draw site, New Mexico, (Agogino et al. 1976) and 
the Frasca site, Colorado, (Fulgham and Stanford 1982).  The Blackwater Draw 
comparison was especially important because Wheat thought that the Firstview Complex 
had a central area of distribution in New Mexico near the towns of Clovis and Portales 
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Figure 3.9.  San Jon points from the San Jon site, New Mexico. 
  
 
(Wheat 1972:152).  Wheat therefore reassigned the projectile points found along 
Blackwater Draw by Howard (1935) and Sellards (1952) to the Firstview Complex.  
Later excavators at Blackwater Draw reclassified the projectile points that they recovered 
as belonging to the Cody Complex instead of the Firstview Complex (Agogino et al. 
1976).  Wheat originally argued that the Olsen-Chubbuck site in southeastern Colorado, 
16 km south of the town of Firstview, was the northernmost occurrence of the Firstview 
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Complex, and that the Cody Complex (Eden-Scottsbluff-Alberta) had a core distribution 
area in western Nebraska to northern Colorado and Wyoming.  The geographic 
distributions previously noted for Eden points were limited to the Central and Northern 
Plains while Scottsbluff points had a wider distribution (Wormington 1957:136).  Wheat 
(1972:153) noted that Alberta points were not found on the Southern Plains.  Looking at 
the sites past researchers classified as Cody, Wheat argued that while Blackwater Draw 
and other Southern Plains sites were assigned to the Firstview Complex, the sites of 
Horner, Finley and Claypool belonged to the Cody Complex. 
Wheat (1972) also obtained a radiocarbon date of 10,150±500 B.P. (A-744), from 
bison hooves at Olsen-Chubbuck.  He concluded that since this date was about 2000 
years older than the Cody Complex dates at Hell Gap and Horner, that Olsen-Chubbuck 
was an older site (Wheat 1972:156).  Wheat's date for the Olsen-Chubbuck Site has been 
considered as too old when compared to a date of 9890 + 290 (A-489)  from bison 
hooves obtained at Blackwater draw (Agogino et al. 1976).  Accelerator mass 
spectrometry, AMS, allows a smaller sample of carbon to be run more accurately, and 
Stafford et al. (1991) proposed methods to remove contaminants from bone collagen that 
increased the reliability of C14 dates.  Holliday et al. (1999:451) obtained seven new 
AMS radiocarbon dates from the Olsen-Chubbuck site that are tightly clustered around an 
average of 9395 ±20 B.P.  These dates suggest that the 10,150 B.P. date is probably 
inaccurate, and therefore, the site is of the same age as Northern Plains Cody sites 
(Holliday et al. 1999).  Based on radiocarbon dates obtained from Olsen-Chubbuck, San 
Jon, and Lubbock Lake, Holliday et al (1999:452) determined that the Firstview Complex 
spanned 1100 years from 9400-8300 B.P.  This is somewhat longer than Frison’s 
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(1991:66) time range of 9200-8800 B.P. for the Cody Complex on the Northwestern 
Plains. 
Wheat’s views of projectile point typology at the Olsen-Chubbuck site changed 
through time.  Originally, Wheat (1967, 1972:140) classified the projectile points as 
belonging to the Scottsbluff, Eden, or Milnesand types; later, he reclassified these 
projectile points as Firstview and San Jon (Wheat 1972:126).  In an attempt to support his 
definition of the Firstview Complex as distinct from that of the Cody Complex, Wheat 
(1972:148) calculated ratios of blade width to thickness from his Firstview and San Jon 
projectile point types and compared his results to published data on Eden and Scottsbluff 
points  from several sites including Claypool (Dick and Mountain 1960), Finley 
(Satterthwaite 1957), and Horner (Jepsen 1951).  He also included the Portales Complex 
as defined by Sellards (1952), but he divided the projectile points between the San Jon 
and Firstview types based on length measurements (Wheat 1972:149).  Wheat gave 
ranges for length, width, and thickness measurements on four projectile point types: 
Eden, Scottsbluff, San Jon, and Firstview.  I will emphasize Wheat’s discussion of width 
measurements because he used this variable to classify projectile points into the four 
different types.  For example, Wheat (1972:148) observed that the maximum width 
measurements for most Eden points ranges from 17 to 19 mm, while most  Scottsbluff 
points have width measurements between 20 mm and 24 mm. Although the narrowest 
San Jon point is 15 mm, and the widest is 24 mm, the majority of points are 18-20 mm.  
Lastly, Firstview points are generally between 22-27 mm wide (Wheat 1972:148). 
There is a long-standing tradition of using the relationship among length, width, 
and thickness variables to define projectile point types (Agenbroad 1978:75-80; Howard 
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et al. 1941:70-74; Howard 1943:224-235; Mason and Irwin 1960:45-48; Satterthwaite 
1957:20-21; Wheat 1972:148; Wormington 1957).  Wheat calculated two of his own 
indices to separate projectile point types and also utilized Satterthwaite’s (1957:20-21) 
indices for blade measurements and the stem length/blade length index of Mason and 
Irwin (1960).  The indices calculated by Satterthwaite expressed one measurement as a 
percentage of another measurement.  For example,  a projectile point that is 15 mm wide 
and 92 mm long would have a blade width to blade length index of 16 because the blade 
width is 16% of the blade length (Satterthwaite 1957:20).  Satterthwaite calculated a 
blade width/thickness index in exactly the same way; if the same projectile point is 7 mm 
thick, the blade thickness is 46% of the maximum blade width.  Thus, Satterthwaite 
divided the projectile points from the Finley site into three categories: thick and narrow 
Eden points that were best suited to penetrate animal hide, somewhat thinner Scottsbluff 
points, and a series of broad triangular points that were best used as cutting tools. 
Wheat’s (1972:148) additional indices were total length/blade width and blade 
width/stem width.  Using the stem length/blade length  index of Mason and Irwin 
(1960:45-48), Wheat noted that the ratio of stem length to blade length of Eden points 
was 5 times longer than that for Scottsbluff.  Wheat's calculations were based on all of 
the indices described previously and they showed that Eden points were consistently the 
narrowest and thickest, closely followed by the San Jon type.  Scottsbluff points were 
broader than those of the Firstview type (Wheat 1972:148). Since San Jon and Firstview 
were within the limits set by the Eden and Scottsbluff types, Wheat was unable to clearly 
differentiate his Firstview Complex from the Cody Complex.  Essentially, Wheat’s own 
analysis placed the San Jon and Firstview types within the continuum of variation that 
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Wormington (1957:136) described for the Eden and Scottsbluff types within the Cody 
Complex.  Still, Wheat argued that Wormington’s treatment of projectile point types as 
an intergrading series that could be considered as a single unit obscured morphological 
variation among types.  Wheat (1972:142) argued that such an approach would not 
differentiate projectile point types by chronological period, or as products of regional 
styles produced by flintknappers from a particular geographic area. 
The breakdown of Cody/Firstview sites was further complicated when Wheat 
(1979:152) described a new type, Kersey, as a northern variant of the Firstview Complex.  
The Kersey type was defined as "long, relatively narrow, unstemmed points characterized 
by parallel flaking. ... The flakes terminate at a low to moderate median ridge, 
occasionally approaching a diamond cross section (Wheat 1979:77)."  Despite the 
imprecise definition of cross sectional shape, Wheat described the Kersey projectile 
points as being long and thin.  According to Wheat, the stems of Kersey projectile points 
were as wide as the blades.  The stems on Kersey points were produced by edge grinding 
similar to those of the Firstview type.  Flaking occurred at right angles to the long axis of 
the projectile point and scars terminated at the midline, creating a median ridge. 
The assignment of Kersey points from Jurgens to the Firstview Complex on the 
Southern Plains (Wheat 1979:152) is confusing because the Jurgens site, located near 
Greeley Colorado, is closer to the Wyoming/Colorado state line than it is to the Olsen-
Chubbuck site located in the Arkansas River drainage of southeastern Colorado.  Jurgens 
has been placed both on the Northern Plains (Holiday 2000:260) and on the Northwestern 
Plains (Frison 1991:181); both authors consider projectile points from Jurgens as 
belonging to the Cody Complex.  The Frasca site, attributed to the Cody Complex 
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(Fulgham and Stanford 1982), is about 80 km (50 mi) from the Jurgens site assigned to 
the Kersey Complex (Wheat 1979).  Due to the geographic proximity of the Frasca and 
Jurgens sites, it is unlikely that two distinct cultural Complexes would be 
contemporaneous.  Uncalibrated radiocarbon dates from the three sites are within a 400-
year time span from 9260±20 B.P. (UCIAMS-26939, 613C)  at Nelson to 8910 + 90 B.P. 
(SI-4848)  at Frasca.  Table 4.2 also shows that while the calibrated dates do not overlap, 
they are all within a 700-year period between 8600-7900 BC.  See my discussion of the 
Frasca and Jurgens projectile point assemblages in Chapter 6. 
Kersey points have been characterized as reworked Cody Complex points 
(Hofman and Graham 1998:113).  Wheat 1979:152) argued that the presence or absence 
of stems on projectile points was a function of whether or not they were reworked.  He 
stated that only Firstview and Kersey points that were reworked were stemmed and, 
conversely, that unreworked points of both types were unstemmed.   
The Firstview Complex is problematic because it includes both stemmed types 
such as Firstview and San Jon, and unstemmed points such as Kersey, Plainview and 
Milnesand (Bamforth 1991).  Thus, the Firstview Complex, like the Portales Complex, is 
an artificial grouping that does not merit consideration as a culture-historical unit.  
Plainview points are not morphologically similar to Cody points (Knudson 1973), and the 
same conclusion can be drawn for Milnesand points (Bamforth 1991).  The Firstview 
points are technologically and morphologically identical to Scottsbluff and Eden points 
and as such are a part of the Cody Complex (Agogino et al. 1976:221; Bradley 1991:391, 
1993:260). In addition to Firstview, San Jon and Kersey points also deserve inclusion in 
the Cody Complex (Bradley 1991, 1993:260; Bamforth 1991), while Plainview and 
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Milnesand are excluded.  Although some archaeologists (Holliday 1997:225, 2000) 
continue to refer to the Firstview and Kersey types others (Bradley 1991, 1993) argue 
that they are indistinguishable from the Cody Complex.  Nevertheless the terms Firstview 
and Kersey remain in the literature, because artifact assemblages and sites retain the 
name used by the archeologist who first reported them even if later analysis place the 
artifacts within a different archaeological Complex (Dixon 1999:150-151).  Despite 
Wheat's thoughts on geographic distribution of the Firstview Complex, some researchers 
have applied the Complex name outside of the Southern Plains.  At the Dunn site in 
southern Saskatchewan, Ebell (1988:523-524) argued that projectile points had a stem 
width to shoulder width ratio that was closer to Kersey/Firstview points than to 
Eden/Scottsbluff points. 
Some of the many different typological and complex designations continued to be 
employed in research during the last decade (Bradley 2009; Holliday 2000; Holliday and 
Mandel 2006; Knell 2007, 2009; Labelle 2005; Muñiz 2005 Pinson et al. 2009).  In recent 
publications on the Hell Gap site (Bradley 2009; Knell 2009; Knell et al. 2009), the Cody 
Complex component is described as the Eden/Scottsbluff level; however, Bradley 
(2009:270) classified all the Cody Complex points at Hell Gap as belonging to the Eden 
type.  The relationship between the Cody and Firstview types continues to generate 
ambiguity in the archaeological literature.  For example, (Pinson et al. 2009:103-104), 
described two fragments, each with a stem and midsection, as having parallel sides, 
comedial flaking and diamond cross section.  Yet, they assigned one point to the Eden 
type, and the other to the Firstview type because the stem was created by grinding rather 
than by flaking.  In at least one case, (Holliday and Mandel 2006), the question of the 
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validity of the Firstview Complex and its relationship to the Cody Complex was avoided 
by use of the term Firstview-Cody.  For consistency, I will follow recent work (Labelle 
2005; and Muñiz 2005) who used the terms Cody Complex and Eden and Scottsbluff 
points except when citing the work of others who referred to the Firstview type or 
Complex. 
 
Sources of Morphological Variability in Cody Complex Projectile Points 
In the final section of this chapter, I will discuss Cody Complex projectile points 
in terms of the general sources of variation in lithic artifacts noted in Chapter 2.  My 
primary focus will be on the organization of technology and concepts of style.  
Morphological variability in projectile points has been linked to the organization of labor 
necessary for conducting communal bison hunts (Bamforth 1991) because an estimated 
150-200 people were needed in hunting, butchering, and transporting bison meat (Wheat 
1972:123).  Bamforth (1991) proposed a social organization whereby only the most 
accomplished flintknappers produced projectile points used in a communal hunt while 
less skilled flintknappers conducted other necessary preparations.  Bamforth speculated 
that the projectile points manufactured specifically for a communal hunt would include 
the best artifacts produced by a social group, and they would reflect idiosyncratic 
flintknapping habits of the individuals who made them.  In the next chapter, I will 
identify sites that I believe represent a single occupation. 
Since ethnographic records of Great Plains tribes indicate that communal bison 
hunts occurred in the fall and winter, Bamforth argued that projectile points from these 
seasons manufactured by a few flintknappers would be less variable than those produced 
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in the spring and summer by all flintknappers in a given social group.  Specifically, 
skilled flintknappers were more likely than poor flintknappers to produce symmetrical 
points with regular patterns of finishing flaking (Bamforth 1991:310).  Since communal 
kills lack evidence of other activities, they represent single moments in prehistory, and 
are ideal for the study of projectile points made by skilled flintknappers.  Bamforth 
(1991:314) designated sites as communal kills only if they contained large quantities of 
bison bone, especially articulated skeletal units, and a lithic assemblage dominated by 
projectile points.  Bison kills and campsites containing hearths and stone tools other than 
projectile points are not communal kills. 
Bamforth (1991) proposed two categories of morphological variability in late 
Paleoindian projectile points; community-level standards that can be studied at campsites 
and multiple component kill sites, and individual variation observed at sites resulting 
from communal hunts.  He asserted that projectile points yield information on the 
community-level standards followed by all flintknappers in a social group who employed 
a single reduction sequence to produce artifacts with the same shape.  Thus, the 
community-level standard for the Cody Complex would be a lanceolate projectile point 
with a square base and parallel flaking.  Projectile points found at communal kills would 
exhibit individual variation in minor attributes that were superimposed on the 
community-level standards for manufacturing these artifacts.  Bamforth proposed that 
individual variation was limited to finishing techniques that influenced flake scar pattern 
and stem configuration.  Therefore, I would expect stem width and thickness 
measurements  and flake scar counts to be less variable for communal kills representing a 
single event when compared to multiple component sites. 
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The division of labor prior to a communal hunt could have resulted in one work 
party producing projectile points while a second work party produced foreshafts.  The 
differences in stem measurements could be explained as necessary to haft one set of 
standardized projectile points onto a set of standardized foreshafts made by a different 
hunter (Bamforth 1991:316).  The concept of flintknapping specialists manufacturing 
Cody Complex projectile points was proposed much earlier when Huckell (1978) 
suggested that a single craftsman produced between 5 and 7 projectile points from the 
Hudson-Meng site.  He based this conclusion on “the consistency in size and patterning 
of flake scars of the final retouch series” (Huckell 1978:185).     
It has been noted that stylistic attributes inherent in Cody Complex projectile 
points reflect (1) choices of flaking pattern made by the flintknapper, and (2) the manner 
in which the flintknapper executed these choices (Knudson 1973:151).  Likewise, 
Bradley and Stanford (1987:411) divided the variation that they observed into major and 
minor technological features.  Major technological attributes are those that are controlled 
by social-cultural standards including (1) reduction sequence and (2) general outline and 
mass distribution.  Bradley (2009:270) reported the presence of unusually thick bifaces 
from Hell Gap Locality V and speculated that they were manufactured by a novice 
flintknapper learning how to produce Eden points.  Minor features are controlled by the 
behavior of individual flintknappers including (1) variations in sequence terminations, (2) 
small variations in proportions, and (3) variations in edge retouch and finishing 
techniques (Bradley and Stanford 1987:412). 
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  In Chapter 2, I discussed how the rejuvenation of broken projectile points could 
introduce morphological variability in an assemblage of projectile points.  Before this 
issue can be discussed, it is necessary  to summarize hafting technology for Cody 
Complex points.  The Cody Complex projectile points formed an important part of a 
composite hunting weaponry system in which stone points were hafted to darts, attached 
to a main shaft, and propelled by an atlatl.  A main shaft might have been 120-180 cm 
long, and the foreshaft might have been three times shorter.  To make the weapons 
system more portable, the hunter might have carried several foreshafts with hafted points 
and only one longer main shaft (Wheat 1979:95). 
Nonperishable components of this weaponry system, some of which have been 
recovered at Cody Complex sites, include stone projectile points, possible atlatl weights, 
shaft abraders and shaft straighteners.  Manufacture of the perishable components of the 
weaponry system particularly the wooden dart shafts was probably more time-intensive 
than the manufacture of nonperishable components such as projectile points (Bradley and 
Stanford 1987:423).  Atlatl hooks (made of antler or bison molars), recovered at the 
Jurgens site, were used to attach the main spear shaft to the atlatl; the presence of shaft 
abraders in the assemblage indicated that the spears were 12-13 mm in diameter (Wheat 
1979:95).  Shaft abraders have also been recovered at Claypool (Dick and Mountain 
1960:234), Hell Gap (Knell 2009:192), and Horner (Frison 1987:262). 
It has been argued that replacing one element of a composite tool is more efficient 
than manufacturing an entirely new tool (Torrence 1983:13).  The hafting process 
probably involved some combination of fitting the tool into a slot in the foreshaft, 
applying mastic (glue resin or tar) to hold the point, and then using sinew to bind the tool 
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to the handle (Keeley 1982:799).  
The mode of hafting likely played an important role in morphological 
characteristics of projectile points, especially those of bases.  Wheat (1979:90) noted the 
presence of projectile points with ground stems in many site assemblages, and he 
speculated that grinding the stems of projectile points would have created a dull edge that 
would not cut the sinew binding.  An artifact from a Cody level at Blackwater Draw that 
was described as a "point grinder" (Agogino et al. 1976:219) is an oval asymmetrical 
granite rock measuring 70 mm by 35 mm and is 22 mm thick. Alternatively, foreshafts 
could be smaller in diameter than the width of the projectile point; Wheat (1979:95, 132) 
noted that two shaft abraders were found and they had grooves of 13 mm in diameter 
while point stem widths averaged from 17-23 mm wide.  The smaller diameter Wheat 
proposed for atlatl foreshafts might allow space for the sinew wrapping such that the 
binding is no larger in diameter than the projectile point stem.  Grinding might be 
superfluous under such conditions. 
The reuse of damaged artifacts conserved both time and raw material (Flenniken 
and Raymond 1986:609).  The repair of broken projectile points has been documented at 
many sites and for most of the various projectile point types of the Cody Complex 
(Agenbroad 1978; Bradley and frison 1987; Dick and Mountain 1960; Frison 1991; 
Fulgham and Stanford 1982; Holliday 2000; Stanford and Patten 1984; Wheat 1972, 
1979; Wormington 1957).  Sometimes impact at the tip caused the damage, and at other 
times the break occurred nearer the base of the projectile point.  For example, a projectile 
point recovered from the Carter/Kerr-McGee site has a burin-like spall at the tip that 
resulted from impact Frison 1984:298).  Likewise, a projectile point from the Claypool 
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Site (Stanford and Albanese 1975:23) also has a burin-like spall however this one is on 
the base.  Creating a new tip alters morphological attributes on the blade of the projectile 
point.  Short, steep, flake removals may cause the reworked tip to have a more obtuse 
angle than the tip of a non-reworked projectile point.  Reworking may alter the flake scar 
pattern, obscuring the original selective or serial pressure flaking employed to 
manufacture the projectile point. 
A common break found archaeologically is one in which the stem fragment 
snapped in, or slightly distal to the hafting elements.  Hell Gap lithic assemblage is one 
example of reworking because Bradley (2009:270) reported that a total of 19 projectile 
points from both localities had impact breaks on the base or blade, and these artifacts 
were discarded.  This likely occurred even if mastic and sinew binding were used to 
secure the projectile point to the foreshaft of the spear.  A detailed description of damage 
to projectile point bases is provided by Wheat (1979) for the Jurgens site assemblage. 
 
“… Points tended to break at two places — one near the base, leaving a long 
blade and a short basal fragment; and the other, from about the midpoint to about two-
thirds of the distance to the tip. Usually, when the point broke near midpoint, the base 
was also broken off. This left three characteristic fragments — a short basal stub (Fig. 34 
c-j), a midsection (Fig. 36 b-l), and tip fragments (Fig. 35 c-f) of variable length. If the 
medial and distal fragments were less than 40 mm long, they were usually discarded, as 
were most of the basal fragments. The breaks were frequently clean snap breaks at right 
angles to both thickness and the long axis, but some breaks were curved and occasionally 
terminated in hinge fractures. Those fragments that were large enough often became the 
"preforms" from which new points or small knives were made.” (Wheat 1979:77). 
 
Although Wheat (1979) proposed that some broken projectile points were reused 
as knives, other researchers have shown that this was not demonstrated at Cody Complex 
sites (Frison 1991; Huckell 1978; Muñiz 2005).  Fragments were sometimes reworked 
into different tools for reused in other contexts.  For example, analysis of the Hell Gap 
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Locality V assemblage yielded a broken stem of an Eden point that was recycled into a 
graver (Knell 2007:221).  Such repairs of projectile point fragments, whether as points 
themselves, or as other tools, is an efficient way to conserve raw material  (Huckell 
1978:185). 
In chapter 2, I also discussed the debate about whether or not reworking a 
projectile point could alter those morphological attributes that were used for typological 
classification (Bettinger et al. 1991; Flenniken and Raymond 1986; Flenniken and Wilke 
1989; Thomas 1986; Wilke and Flenniken 1991).  Rejuvenation is likely to produce 
shorter projectile points with a slightly asymmetric shape as material was removed from 
distal, proximal, or lateral margins. 
The rejuvenation of broken projectile points has been discussed for both Alberta 
and Cody Complex projectile point types.  In his study of Alberta points from the 
Hudson-Meng site, Huckell (1978:185) observed that reworking of tip fragments into a 
new projectile point was possible “by use of laterally and longitudinally directed pressure 
techniques, thin and remove the vertical face of the broken edge.”  Reworked points with 
concave bases found at the Hudson-Meng site more closely resemble Plainview projectile 
points in morphology than Alberta (Huckell 1978). These reworked tip or blade 
fragments could have been mistakenly identified as Plainview if they had not been 
associated with Alberta projectile points in the same bone bed.  The Hudson-Meng site 
assemblage contains both the debitage resulting from reworking and the reworked points 
themselves and shows that the “Plainview” projectile points were reworked Alberta point 
fragments.  Agenbroad (1978:72) argued that this was an expedient repair that accounted 
for anomalous projectile points at Hudson-Meng. 
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Reworked projectile points usually have a distinctive appearance when compared 
to non-reworked points.  For example, the original San Jon point described by Roberts 
(1942:7), is likely to be a repaired Eden point (Hofman and Graham 1998:113).  While 
both projectile point types have diamond-shaped cross sections, the metric dimensions of 
San Jon points are smaller than those of Eden points (Wheat 1972:143).  Similarly, 
reworked “secondary” points have been identified at the Jurgens site (Wheat 1979:72-
74).  Bonnichsen and Keyser (1982) described three small projectile points that resemble 
Cody Complex points in shape and technological attributes; these points had beveled 
edges that were prepared to facilitate the removal of retouch flakes.  Reworking is 
evident on one point because flake scars were superimposed upon the original flaking 
pattern created during manufacture (Bonnichsen and Keyser 1982:141). 
To summarize, morphological variability was introduced to the projectile point 
assemblages found at Cody Complex sites usually either by rejuvenating a tip or a stem.  
Small basal fragments are commonly found at Cody sites, demonstrating that breaks 
through the stem occurred frequently and both the stem fracture and subsequent 
rejuvenation probably took place at the same site.  Thirty-five stem fragments were found 
at Claypool, and Dick and Mountain (1960:233) proposed that these broke during 
hunting, collected, and carried back to camp for replacement with newly-manufactured 
points.  New hafting elements were created with two steps (1) grinding the lateral edges 
immediately distal to the break to create a stem and (2) flaking a new base (Wheat 
1979:89).  Reworked stems may have more concave bases than those of non-reworked 
projectile points because material must be removed to thin the base sufficiently so that 
the rejuvenated point will fit into the new foreshaft.  Creation of a new stem can cause the 
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reworked point to have a steeper shoulder angle than those of non-reworked points.  
Metric dimensions of the stem may decrease as a result of rejuvenation.  Another 
alternative to reworking a shouldered stem is simply indenting the broken end to create a 
concavity at the proximal break of a tip fragment, a process that resulted in the 
“Plainview” form noted earlier (Huckell 1978). 
In this chapter, I discussed (1) the Cody Complex culture history and (2) some 
mechanisms by which morphological variability might have affected  the projectile point 
assemblages that were examined for this study.  In the sections on previous research, I 
explained the confusing array of named projectile point types that have been assigned to 
the Cody and Firstview Complexes and the varying opinions of archaeologists about their 
meaning. Each type designation is used to describe differences in cross sectional shape, 
flake scar pattern, stem configuration, and metric dimensions.  The most common 
divisions invoked are (1) between Alberta and Cody types, and (2) between the Firstview 
and Cody complexes.  These artifact classifications reflect slight differences in the 
attributes of projectile points, but it is unclear if this variability has temporal or cultural 
significance (Stanford 1999:325).  An alternative view is that the Cody Complex is based 
on a few diagnostic artifacts, and, therefore, is not valid (Knudson 1973).  Projectile 
points that are symmetrical and have the most careful flaking define a given culture 
historical type while more asymmetrical projectile points are considered to be 
nondiagnostic (Bamforth 1991:310-311). 
The discussion of Cody Complex projectile point types above highlights the 
morphological variability observed among projectile points both at the intrasite and 
intersite levels that will be discussed in chapters 5 and 6.  My research is necessary to 
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determine the range of variation that is present for the attributes such as cross sectional 
shape and flake scar pattern that have been important for making typological 
assignments.  In addition to this qualitative data, I analyze measurements such as width 
and thickness.  I will make some observations regarding the extent of this variation in 
later chapters. 
 
Table 3.2 Site function, components, and context. 
Site Function Component(s) Reference Collections 
Studied 
Blackwater Draw kill, butchering Multiple Hester 1972 excavations 
Carter/Kerr-
McGee 
butchering area Multiple Frison 1984 excavations 
Claypool camp Multiple Dick and Mountain 
1960 
surface, 
excavations 
Finley kill, butchering Multiple Howard 1943 surface 
Frasca butchering area Single Fulgham and Stanford 
1982 
excavations 
Hell Gap camp Multiple Irwin Williams et al. 
1973 
excavations 
Horner butchering, camp Multiple Frison and Todd 1987 excavations 
Hudson-Meng kill Single Agenbroad 1978 excavations 
Jurgens kill, butchering, 
camp 
Multiple Wheat 1979 excavations 
Lamb Spring kill, butchering Multiple Stanford et al. 1981 excavations 
Nelson unknown Unknown Kornfeld et al. 2007 surface, testing 
Olsen-Chubbuck kill, butchering Single Wheat 1972 excavations 
San Jon kill, butchering Multiple Roberts 1942 excavations 
 
Hypotheses Tested in this Study 
I will conclude this chapter by describing five hypotheses that I test in my 
analysis of Cody Complex projectile points.  My hypotheses draw upon discussions of 
theoretical explanations for morphological variability in stone tools especially concepts 
of style and the organization of technology in Chapter 2, and the spatial and temporal 
distribution of previously defined projectile point types in the Cody Complex discussed 
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above.  The hypotheses also draw on information from the site descriptions, Chapter 4.  
Since hypotheses are based on single component and multiple component sites, the 
following table summarizes the numbers of components per site and whether or not the 
projectile points were found in excavated context. 
Hypothesis 1: Assemblages of projectile points from single occupational 
components at buried sites should have a narrow range of variation on all attributes.  
Temporal control (reliable radiocarbon dates or stratigraphy) is necessary to ensure that 
the site assemblage is the product of a single social group (family or band or group of 
bands). Seasonality data previously recorded from bison dentition provides supporting 
evidence for the single event being a short-term occupation (for example, Todd 1987; 
Todd et al. 1990).  The site descriptions provided in Chapter 4 include detailed 
explanations for my classification of sites as having single or multiple components; 
however, I will summarize this information in order to explain the basis for this 
hypothesis.  Olsen-Chubbuck is a well-known example of a kill site resulting from a 
single communal hunt (Wheat 1972:123).  Other single component sites include bone 
beds such as Frasca (Fulgham and Stanford 1982:7), Horner II (Frison 1987:95-96) and 
Hudson-Meng (Agenbroad 1978:15).   
Projectile points from multiple component sites should exhibit a wider range of 
variation than found in assemblages from single component sites.  Some multiple 
component sites are stratified with several Paleoindian complexes, such as at Blackwater 
Draw (Sellards 1952), and Carter/Kerr-McGee (Frison 1984).  The two localities at Hell 
Gap include Locality I with stratified Alberta and Cody complex components, and the 
Locality V Cody component that is about 1 km distant (Kornfeld and Larson 2009:4).  
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Other multiple component sites consist of discrete spatial components such as Horner 
(Todd et al. 1987:41) and Jurgens (Wheat 1972).  The Jurgens site has variously been 
interpreted as three separate occupations (Wheat 1979:152), or as a single, 
contemporaneous occupation (Muñiz 2005:101-102, 205-206). 
Hypothesis 2: Projectile points from mixed surface collections or from unknown 
context should exhibit a greater range of morphological variation than that recorded for 
single component sites.  This is because they may have been manufactured at different 
times by members of distinct social groups.  When projectile point assemblages are 
recovered from geomorphic settings where disturbance is common projectile point 
assemblages may also lack the temporal control of buried sites.   Examples in this study 
include Claypool found in a deflation basin (Dick and Mountain 1960), and Finley found 
in a dune field (Hack 1943; Howard 1943); eolian processes have moved artifacts at both 
sites.  The Nelson site is of unknown context because it has not been excavated (Kornfeld 
et al. 2007).  Patterns in morphological variation of surface collections may be compared 
to the baseline data gathered from analyses of buried single-event sites. 
Hypothesis 3: Projectile points from contemporaneous sites within a geographic 
region should exhibit greater homogeneity than points from other regions. There is a 
greater probability that social groups within a geographic region would be in contact and 
that flintknappers would have the opportunity to learn the same isochrestic variants. The 
best example of a geographic region in my study area is the piedmont of northeastern 
Colorado that contains three sites, Frasca, Jurgens, and Nelson within 100 km2.  The 
larger geographic regions used are the Northern and Southern Plains.  Wheat's 
formulation of the Firstview complex as distinct from the Cody Complex may be 
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supported if there are statistically significant differences between projectile point 
assemblages from the northern and southern Plains. 
Hypothesis 4: Projectile points from sites contemporaneous in time should have a 
narrow range of variation when compared to points from sites that are not 
contemporaneous.  Variation is expected to be greater through time; however, patterns 
(similar morphological variation) could exist within geographic regions that resulted from 
ancestor-descent relationships of flint knapping groups. Temporal controls such as 
radiocarbon dates or the stratigraphic positions of buried lithic assemblages, would be 
necessary to make inferences concerning the ancestor-descent relationships among 
flintknapping groups who produced projectile point assemblages at a particular 
archaeological site, or group of sites within a geographic region.  
Hypothesis 5: There are no significant differences when comparing projectile 
point assemblages either between geographic regions, or through time; this is the null 
hypothesis.  It has been suggested that parallel-collaterally retouched projectile points 
functioned as “social and/or aesthetic markers” (Knudson 1973:135).  Such stylistic 
similarities may be explained by conservative cultural transmission (MacDonald 1998, 
2010) in which a few elders taught flintknapping to many youths.  The use of similar 
artifacts over time is suggested as an archaeological signature of cultural transmission 
(Boyd and Richerson 1985:60).  Thus, conservative cultural transmission might be 
explained by the interaction of highly mobile hunter-gatherer bands.  This interaction 
may have facilitated cooperation in communal bison hunts (Bamforth 1988; Hofman 
1994; MacDonald 1998, 2010). 
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In this chapter, I presented typological descriptions that are common in the 
literature of Cody Complex projectile points in order to provide a source of basic 
information that is essential for an understanding of the sites presented in chapter 4.  I 
also presented the hypotheses that will form the basis of my research.  These five 
hypotheses will be tested with both metric and qualitative data.  I will present my 
methodology for data collection and describe the individual site assemblages that I will 
use for hypothesis testing in Chapter 5.  Then I will present the results of hypothesis 
testing in Chapter 6.  
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Chapter 4 
The Study area: Great Plains Environment, Paleoindian Subsistence, and 
Archaeological Site Descriptions 
In this chapter, I will describe the archaeological sites that are included in this 
study.  These sites are located in a portion of the Great Plains of North America that 
encompasses the states of New Mexico, Colorado, Wyoming, and Nebraska.  I will 
discuss, in general terms, the topography and lithic resources, climatic conditions, both 
modern and prehistoric, and the grasses and bison that characterized this environment.  
Finally, I will describe the archaeological sites from which the projectile points that I 
examined were recovered and I will relate these sites to the physical environment of the 
Great Plains. 
The Great Plains refers to an extensive and complex grassland biome of the 
United States, Canada, and Mexico stretching from the aspen parkland of Alberta and 
Saskatchewan south to the short grass plains of Chihuahua (Figure 4.1a).  The Rocky 
Mountains, the mountains of the Basin and Range Province, and the northern Sierra 
Madre form a natural western boundary: the eastern edge of the Great Plains is arbitrarily 
set at 100 degrees west longitude. The modern climate can be characterized as continental 
and semiarid (Holliday 1997).  Generally precipitation decreases from approximately 100 
centimeters (40 inches) in the east to 30 centimeters (12 inches) in the west (Bamforth 
1988:53).  Since the Great Plains is in the rain shadow of the Rocky Mountains, it has an 
arid climate (Thompson et al. 1993; Wheat 1979:5).  Rivers flowing east from the Rocky 
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Mountains provide dependable water sources that were necessary for human settlement in 
the Western Plains (Cassells 1997:19). 
 
 
Figure 4.1 map of the Great Plains showing geographic variation in temperature 
and precipitation (a) and grassland vegetation (b). (Bamforth 1988: Figures 5.1 and 5.2, a 
and b respectively). 
 
 
Climatic conditions such as average temperature and precipitation vary by latitude 
on the Great Plains (Thompson et al. 1993:469).  Generally, winter temperatures are 45 
degrees F lower in Alberta and Saskatchewan than in Texas, while the summer average 
temperature is only 15 degrees F lower (Bamforth 1988:55).  Precipitation is distributed 
more evenly throughout the year with an increase in latitude.  For example, in Montana 
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and North Dakota 90-110 days have at least 0.25 cm of rain or snow compared to 60 days 
of precipitation in the Texas panhandle (Bamforth 1988:54.)  Most precipitation on the 
Plains of New Mexico and Texas occurs as summer storms and winters are dry (Holliday 
1997:9). 
Three slightly different grassland communities are arranged as long, north-south 
“stripes” along a west to east gradient of increasing effective moisture, Figure 4.1b.  
According to Bamforth (1988:32), the first community consists of predominately short 
grass species that reach 0.5-1.5 feet, and these species grow largely within the rain 
shadow of the Rocky Mountains.  Common species are blue grama (Bouteloua gracilis), 
hairy grama (Bouteloua hirsuta), buffalograss (Buchloe dactyloides), and, particularly in 
the south, galleta (Hilaria jamesii) and black grama (Bouteloua criopoda).  Farther east, 
the Plains are dominated by mid-height grasses that reach hights of 2-4 feet.  Common 
species are little bluestem (Andropogon scoparius), western wheatgrass (Agropyron 
smithii), sideoats grama (Bouteloua curtipendula), bluebunch wheatgrass (Agropyron 
spicatum), and needle and thread (Stipa comata).  Still farther east are the tall grass Plains 
where grass growth may reach heights of between 5-8 feet and common species are big 
bluestem (Andropogon gerardi) and switchgrass (Panicurri virgattim) (Bamforth 
1988:32).  A study of contemporary grassland communities in the United States indicated 
that primary production increases from west to east (Sala et al. 1988).  The boundaries 
between these three grassland communities shift depending on annual, decadal, or longer 
variations in precipitation and temperature (Bamforth 1988). 
Topographic relief varies greatly over short distances, and may range from vast 
expanses of level to gently rolling terrain with occasional broad, shallow, drainages to 
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areas broken by mesas and hills nearer the Rocky Mountains.  Certain physiographic 
areas, such as playas, rivers, and forested uplands, notably the Black Hills of eastern 
Wyoming and western South Dakota, support diverse habitats that introduce ecological 
variation to the otherwise homogeneous grassland biome.  These bounded isolated habitat 
patches are sometimes referred to as “islands” (Osborne and Kornfeld 2003).  Playas are 
particularly important on the southern plains where water is relatively scarce (Holliday 
1997:114).  Generally, big game animals were hunted on grasslands while additional 
species were exploited in habitats such as river valleys and foothills or mountain ranges 
(M. E. Hill 2007).  The various ungulate species hunted prehistorically prefer distinct 
habitats.  Bison (Bison sp.) graze on open plains, deer (Odocoileus sp.) browse in riparian 
forests, and big horn sheep (Ovis canadensis), feed at or above the tree line in mountain 
ranges.  Other ungulate species utilized by humans included  pronghorn (Antilocapra 
americana) and elk (Cervus canadensis) that ranged in both woods and open grassland. 
 
Late Pleistocene and Early Holocene Climatic Conditions 
A series of climatic changes that occurred in the Late Pleistocene and Early 
Holocene affected the distribution of various animal and plant species.  Generally, 
evidence of climatic  fluctuations includes such proxies as changing animal distributions, 
types and relative frequencies of pollen for certain plant species, annually laminated 
varves (sediment layers) deposited on lake bottoms, and oxygen isotope ratios. 
Climatic conditions during the Late Pleistocene were generally cooler and wetter 
than they are at the present time (Beaudoin and Oetelaar 2003; Brunswig 1992; Bryson et 
al. 1970; Holliday 1997; Thompson et al. 1993).  The tree line in the western United 
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States was several meters lower in elevation and deserts were virtually absent (Kelly and 
Todd 1988:232.)  During the Wisconsin glacial maximum, about 20,000-18,000 BP., the 
Laurentide ice sheet reached its most southerly extent in present day northern Kansas 
(Holliday and Mandel 2006).  As temperatures warmed, the subsequent deglaciation 
caused a rise in sea levels that, in turn, affected global atmospheric and oceanic 
circulation patterns as the jet stream moved northward following the retreating ice margin 
(Thompson et al. 1993).  The late Pleistocene was characterized by cooler and moister 
climate with less contrast in temperature between winter and summer seasons, and 
precipitation was distributed more evenly throughout the year (Bamforth 1988; Brunswig 
1992).  Environmental conditions were favorable to early Paleoindian foragers because 
permanent water sources and game animals were abundant (Holliday 1997:179).  From 
13,000-11,000 years ago, permanent streams fringed with pine and spruce trees may have 
flowed through lush grasslands of the Southern Plains (Bamforth 1988:140). 
Several species of megafauna, notably mammoth (Mammuthus columbi) inhabited 
North America during the last glaciation, but these became extinct by the terminal 
Pleistocene.  Clovis points are associated with mammoth bone at Blackwater Draw New 
Mexico  (Hester 1972; Holliday 1997; Sellards 1952), but there are 4 sites in Colorado 
where the relationship between megafauna and human activities is questionable Claypool 
(Dick and Mountain 1960) Dutton (Stanford 1979); Lamb Spring (Rancier et al. 1982; 
Stanford et al. 1981); and Selby (Stanford 1979).  Originally, the Claypool mammoth was 
interpreted as a paleontological occurrence (Malde 1960), but later Stanford and 
Albanese (1975) proposed that the mammoth was associated with humans and 
represented a pre-Clovis kill.  It has been argued (Bonnichsen et al. 1987; Rancier et al 
85 
 
1982) that chert artifacts, pre-Clovis in age, were found in association with the mammoth 
bones at Lamb Spring.  Since no diagnostic artifacts such as well-dated Paleoindian 
projectile points were found, the mammoth remains cannot be definitively classified as a 
Paleoindian kill, and a later geoarchaeological analysis does not support the association 
of the mammoth with human activity (Mandryk 1998).  Stanford (1979) proposed that 
flaked and spirally fractured mammoth bone recovered from both the Dutton and Selby 
sites were used as expedient tools for butchering and hide working.  Another possibility 
is that mammoth bones were broken by non-cultural processes such as gnawing by 
carnivores or trampling by herbivores (Fisher 1992). 
The general Pleistocene warming trend was interrupted by occasional climatic 
reversals back to glacial conditions.  A well-documented reversal during the terminal 
Pleistocene is the Younger Dryas, an interval of 1150-1300 years when average 
temperatures fell 7-15 degrees Celsius (Fiedel 1999:96).  Oxygen isotope ratios measured 
in dated layers of ice cores from Greenland  place the Younger Dryas at 12,940-11,645 
calendar years B.P. (Alley et al. 1993; Taylor et al. 1997).  Due to the radiocarbon 
plateaus and reversals in the late Pleistocene and early Holocene (Fiedel 1999), the 14C 
date for the end of the Younger Dryas is estimated at 10,200-10,000 B.P. or 11,500±200 
in calendar years (Alley et al. 1993:528).  Cold conditions during the Younger Dryas 
affected climatic conditions in proximity to the study area, when the decreased 
temperatures caused alpine glaciers to advance downslope in the Rocky Mountains 
(Reasoner and Jodry 2000), and a southward expansion of high latitude vegetation 
(tundra and boreal forests) that likely affected Paleoindian behavior (Fiedel 1999; Newby 
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et al. 2005).  Signatures of the Younger Dryas climate can be found in the geomorphic 
settings of sites such as the Goshen paleosol deposited at Hell Gap (Haynes 2009:49).   
Early Holocene (post Younger Dryas) atmospheric circulation patterns on the 
Great Plains differed from those of the present.  One study of oxygen isotopes in soils 
from western Wyoming (Amondson et al. 1996), showed that summer precipitation was 
greater than present because warm moist air was drawn further north from the Gulf of 
Mexico, whereas today most of the moist air that reaches Wyoming is transported by 
winds coming from the Pacific ocean.  Two studies of varve records in lakes at the 
Prairie-Forest border in Western Minnesota (Hu et al. 1999) and on the Plains in eastern 
North Dakota (Valero-Garces et al. 1997) have shown that the early Holocene climate of 
the Northern Plains was influenced by complicated interactions among three air masses: 
the cold and dry Arctic, warm dry Pacific, and warm moist Gulf of Mexico.  For 
example, a climatic reversal between 8900-8300 B.P. occurred when the Laurentide ice 
sheet finally collapsed, allowing polar air to move southward into the American mid-
continent which, in turn, caused increased winter snow fall (Hu et al. 1999). 
Generally, the decreased precipitation and increased temperature during the 
Holocene affected the distribution of plant and animal species.  The FAUNMAP working 
group has shown that faunal communities were more heterogeneous in the late 
Pleistocene than they are at present.  As the ice sheets receded, ranges of individual 
species shifted northward in response to climatic change (Graham et al. 1996).  This 
contrasted with the Pleistocene when species distributions were more heterogeneous 
(Todd 1991:230). 
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The Cody Complex spans a time of climatic instability in the Early Holocene 
characterized by regional fluctuations in effective moisture and temperature (Muñiz 
2005:164-166).  Consequently, human adaptations to the sudden environmental changes 
were evidenced by rapid shifts in subsistence patterns, mobility patterns, and use of 
particular primary lithic raw material sources.  The beginning of the Cody Complex, at 
approximately 9500 B.P. was associated with a climatic regime characterized by 
abundant monsoonal rainfall and the presence of numerous ponds and lakes (Thompson 
et al. 1993:505-506).  Grasslands expanded and bison productivity was likely high at this 
time (Beck and Jones 1997:181; Stanford 1999:325).   Cody Complex hunter-gatherers 
also expanded their range over 700 km west of the Rocky Mountains into the Great Basin 
(Amick 2013:235). 
Although there were regional fluctuations in average temperature and 
precipitation levels, climatic conditions throughout the Great Plains generally became 
progressively more arid during the Holocene, eventually leading towards the warm 
Middle Holocene Altithermal (Bamforth 1988; Brunswick 1992; Holliday 1997; Valero-
Garces 1997). Ephemeral streams replaced permanent ones in many cases.  Geological 
studies such as those conducted in the Killpecker Dunes of Wyoming near the Finley site 
provide evidence for a semi-arid Early Holocene climate because the calcium carbonate 
found in the dunefield correlates with increased evaporation Mayer (2003:35).  The 
decreasing abundance of surface water and plant resources caused an overall decrease in 
the body size of Holocene fauna, that is ultimately reflected in the replacement of bison 
subspecies Bison antiquus and B. occidentalis by B. bison (Guthrie 1980). 
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By the end of the Cody Complex at approximately 8400 B.P., climatic conditions 
became more arid, and the productivity of grasslands, and the bison that relied upon 
them, decreased.  Consequently, hunter-gatherer mobility decreased and bands became 
more isolated as evidenced by the almost-exclusive use of local raw materials at the 
Lamb Spring and R6 sites (Stanford 1999:326).  By 8600-8300 B.P., faunal remains 
found in excavations of FA6-3 at Lubbock Lake  indicate that modern climatic conditions 
prevailed on the Southern High Plains (Johnson and Holliday 1981). 
 
Paleoindian Bison Exploitation 
Two bison species inhabited the Great Plains during the Late Pleistocene and 
Early Holocene.  Coexistence of Bison antiquus (a Southern Plains form), and Bison 
occidentalis (a Northern Plains form), can be explained from a combination of dispersals 
of bison from Asia and evolution in the North American environment (Guthrie 1970, 
1980; McDonald 1981). In the middle Pleistocene, B. priscus entered North America 
where it found an ecological niche with fewer competitors and became larger in size 
while grazing on the plentiful grasses.  Larger bison fossils dated to the Wisconsin 
glaciation are called B. latifrons; a specimen found in Lipscomb County, Texas, has 
horns spread over 2 m from tip to tip (Wycoff and Dalquest 1997:9).  Over time, 
decreasing forage and climate change B. latifrons decreased in size.  Meanwhile, B. 
priscus crossed the Bering land bridge from Asia to America , and gave rise to the 
smaller B. occidentalis, which is considered a dwarf of B. priscus (Guthrie 1980:56).  
“Bison bison is generally accepted to have first appeared during the early to middle 
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Holocene and to have developed from B. occidentalis, perhaps with some influence from 
B. antiquus” (Wycoff and Dalquest 1997:16). 
Bison species can be identified by the distinctive curvature of their horn cores, 
and by the position of these horn cores on the skull (Guthrie 1970, 1980; Wycoff and 
Dalquest 1997). B. antiquus had horns that grew at right angles from the frontal sutures, 
forming a t-shaped pattern. B. occidentalis and, later, B. bison had horn tips that pointed 
upward and forward creating a Y-shaped pattern.  Size differences for postcranial skeletal 
elements such as metapodials (Agogino et al. 1976:219) have also been used to separate 
Bison occidentalis from other bison species.  Archaeological sites in the study area 
provided evidence for human hunting of both extinct bison species.  While the Olsen-
Chubbuck assemblage consisted of B. occidentalis (Wheat 1972:86), both the Finley and 
Horner assemblages have been identified as B. antiquus (Hofman and Todd 1987:495). 
Bison underwent a reduction in size in response to deglaciation and subsequent 
environmental change (Hughes 1978; Todd and Hofman 1987).  The reduction in body 
size of bison that gradually occurred throughout the early and middle Holocene was 
likely caused by the warmer, dryer, and more unpredictable climatic conditions that, in 
turn, led to a decrease in the amount of forage available on the plains (Bamforth 
1988:149).  Although Bison bison were smaller in overall body size when compared to 
previous species, they continued to be abundant on the Great Plains (Guthrie 1980:56).  
The average B. bison bull weighs 816 kg, and the cows range from 307-363 kg; B. 
occidentalis was 25% larger with average bulls weighing 1,020 kg, and cows weighing 
454 kg (Wheat 1972:85-86). 
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The behavior of B. bison, and probably the extinct bison species as well, is 
regulated by the rutting and calving seasons.  During most of the year, bison formed 
herds based on the age and sex of the animals.  Nursery herds are mixed groups of cows, 
calves, and yearlings that contain from 30 up to several hundred animals, and bull herds 
may contain up to 30 males (Bamforth 1988:81).  Most Paleoindian kills are comprised 
of nursery herds (Frison 1991:170); however, the Lamb Spring Cody level consisted of a 
herd of bulls (McCartney 1983).  During the rutting season in July and August, bulls fight 
for dominance and the ability to mate with the cows.  The calving season takes place 
during the following spring, in April and May for the Southern Plains; it is later on the 
Northern plains due to the longer winter season. Thus, archaeologists can create an age 
distribution for the dentition of immature and adult animals, and then determine 
seasonality of kills (Todd and Hofman 1987; Todd 1991).  Seasonality data obtained by 
studying the mandibular dentition of bison calves (Todd 1991) is useful for determining 
age of death.  Most bison kills were made in the late fall or early winter (Table 4.1), a 
period when the bison were in prime condition; however, some kills, such as Scottsbluff, 
occurred in the late spring or early summer (Todd et al. 1990:820). 
Folsom age bison kills were small, averaging 10 animals and were opportunistic 
kills while later Paleoindian kills were larger, suggesting communal kills (Bonnichsen et 
al. 1987:413, 415).  Both the number of animals found at Cody Complex kill sites 
(Stanford 1999) and the labor required to drive bison into traps (Bamforth 1991) provide 
evidence that hunters might have cooperated on a seasonal basis.  Wheat (1972:123) 
proposed that a group of 150-200 people was responsible for killing 190 bison in the 
communal hunt at Olsen-Chubbuck. 
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Paleoindian hunters used their understanding of bison herd behavior and 
knowledge of the locations of geomorphic features such as arroyos, playas and sand 
dunes to trap or corral bison prior to a kill.  Examples of geomorphic features utilized as 
bison traps occur at archaeological sites throughout the study area.  In one trapping 
method, bison were driven into steep arroyos such as at the Olsen-Chubbuck site (Wheat 
1972).  Interdunal ponds present at the Finley site have been proposed as bison traps 
(Frison 1991:185; Mayer 2003).  In other instances, bison were killed as they gathered  
 
Table 4.1 Bison Seasonality of Death Determinations. 
Site Season of Death Reference 
Scottsbluff Late Spring/Summer Todd et al. 1990 
Olsen-Chubbuck Summer/Early Fall Frison 1991 
Hudson-Meng Fall Agenbroad 1978 
Finley  Late Fall/Winter Todd and Hofman 1987 
Frasca Late Fall/Early 
Winter 
Fulgham and Stanford 1982 
Horner I Late Fall/Early 
Winter 
Todd and Hofman 1987 
Horner II Late Fall/Early 
Winter 
Todd 1987B 
Carter/Kerr-McGee Early Winter Frison 1984 
*Selected Cody Complex Site Data from Todd 1991:221-222 Table 11.1. 
 
 
near water sources such as playas, marshes, and streams.  The San Jon kill took place at a 
playa (Roberts 1942), and the Lamb Spring kill occurred at a marsh (Stanford et al. 
1981).  Man-made bison traps have also been proposed at locations that contained water 
favored by bison.  The topography of the Horner site has been described as flat and 
lacking any geomorphic features suitable for a bison trap (Albanese 1987:300).  Yet an 
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artificial trap could have been constructed from fallen trees or drifted snow (Todd 
1987:195). 
Bison utilization during the Late Paleoindian period can be thought of as wasteful, 
at least in some instances. For example, the Olsen-Chubbuck bone bed contained 
articulated skeletons that were left at the bottom of the arroyo trap and were under 
semiarticulated animal units that had been partially butchered (Wheat 1972:62-63).  
Frison (1991:179) speculated that the arroyo trap was not commonly used 
archaeologically because of the difficulty of butchering the animals that fell at the bottom 
of the arroyo.  Discrete bone piles were found and interpreted to represent social units 
butchering a number of animals and disposing of the bone in like units (matching pairs of 
front legs, scapula units, pelvic units, vertebral columns etc.) in a certain location before 
continuing to butcher other animals (Wheat 1972:105-106).  Cut marks on the bone 
indicated a preference for choice animal parts such as tongues, internal organs, racks of 
ribs, shoulders and tenderloins. 
A general consideration of the Paleoindian record indicated that there is a cultural 
pattern of simiarticulated skeletons at kill sites (Kelly and Todd 1988:238-239).  
Furthermore, many Paleoindian kills lack evidence for green bone breaks such as occur in 
marrow processing, or burning which, again suggests less intensive carcass utilization 
than in later prehistoric kills (Agenbroad 1978:138; Johnson and Holliday 1981:183; 
Labelle 2005:12; Todd 1991:227).  The fact that much usable meat and marrow was not 
utilized at large bison kills such as Olsen-Chubbuck supports the premise that 
Paleoindian population density was extremely low, with some estimates ranging from 
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0.001 to 0.006 persons per square kilometer (Macdonald 1998:222 and references 
therein). 
Because bison are large and have correspondingly high meat yields, most of the 
meat could not have been consumed fresh, and, therefore, means were needed "to extend 
the time utility for one of the resources beyond its period of availability in the habitat … 
by either drying or freezing." (Binford 1980:15).  Methods of preserving bison meat 
included drying it in warmer seasons (Wheat 1972) or freezing it in winter caches (Frison 
1991:186).  In addition to preservation benefits, drying bison meat reduced the total 
weight by 20 percent, thus making it easier to transport (Wheat 1972:122).  An example 
of caching frozen meat occurred at the Carter/Kerr-McGee site (Frison 1984:294).  The 
resulting bone bed was not the primary kill location, that probably occurred within the 
arroyo, but it represented disarticulated skeletal units that were stacked outside the arroyo 
for later use.  This interpretation is further supported by evidence from bison dentition 
that indicated a December or January kill. 
In addition to the large communal hunts, there is archaeological evidence for 
smaller bison kills comprising a few animals.  For example, FA6-3 at Lubbock Lake is a 
butchering locale that contained 4 adult bison and 3 fetuses (Johnson and Holliday 1981).  
These small kills might have reflected the activities of an extended family that, during 
some parts of the year, was separated from a larger band of hunter-gatherers (Johnson 
and Holliday 1981:189). 
Late Paleoindian subsistence has been traditionally viewed as either based on 
hunting several species of bison (Hofman and Todd 2001); or use of a broad spectrum of 
subsistence resources (Cannon and Meltzer 2008; Meltzer and Smith 1986). In a large-
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scale study of Paleoindian period faunal assemblages, M. E. Hill (2007) noted that bison 
species comprised 94% of the 121,401 remains that were reported from 60 sites.  He 
concluded that the many bison kill sites found on the Great Plains caused archaeologists 
to be biased, considering Paleoindians as almost exclusively bison specialists.  An 
explanation proposed by Cannon and Meltzer (2008) is that the homogeneous grassland 
environments of the Great Plains supported megafauna while the heterogeneous 
environments of the Eastern United States were more favorable for diverse faunal 
species.  Refining this idea further, Knell and Hill (2012) propose that Cody Complex 
groups in the foothills procured a broad spectrum of resources while groups who 
inhabited  grassland biomes primarily relied on bison hunting. 
Broad spectrum subsistence as a response to environmental unpredictability has 
been attributed to Cody complex Paleoindians (Blackmar 2001; Stanford 1999).  Faunal 
evidence shows that Paleoindian subsistence included animals other than bison and plant 
species.  Many investigators have noted different faunal species at late Paleoindian sites 
such as pronghorn and rabbit at Blackwater Draw (Hester 1972:53) and Lubbock Lake 
(Johnson and Holliday 1981:181).  Evidence of diverse faunal exploitation includes  four 
turtle carapaces that were found stacked at Blackwater Draw (Agogino et al. 1976:218).  
At the Jurgens site, other species include pronghorn, deer, elk, moose, rabbit, turtle, and 
fish.  Analysis of blood protein residue found on Cody knives and projectile points from 
the Osprey Beach site in Yellowstone Park showed hunting of deer and bighorn sheep in 
addition to bison (Shortt 2002).  Twelve fragments of grinding slabs that were found at 
the Jurgens site suggested that plant processing took place (Wheat 1979:130); the 
fragments were used on both faces and represented parts of shallow basin grinding slabs.  
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The wide variety of faunal remains "suggests that Cody peoples took complete advantage 
of many food sources and cannot be considered simply big game hunters” (Stanford 
1999:322). Skeletal analysis of a small sample of Paleoindian burials showed that dental 
wear resulted from eating plant fibers and nuts and that these wear patterns were similar 
to those exhibited by a larger sample of later Holocene foraging populations (Steele and 
Powell 1993). 
I have summarized the prevailing climate, both modern and prehistoric,  on the 
Great Plains.  Many Paleoindian archaeologists have observed that environmental factors 
such as drought and subsequent erosion led to site discovery (Frison 1991; Forbis 1968; 
Holliday 1997; Labelle 2005; Seebach 2006; Wormington 1957).  In fact, most of the 
sites I included in this study were originally exposed through erosion or deflation.  As 
Seebach (2006:84) noted, the pattern of sites found in playas and draws where erosion 
commonly occurs, might cause archaeologist to view Paleoindians as big game specialists 
rather than as generalized foragers. 
 
Lithic Resources on the Great Plains 
Manufacture of stone projectile points and other tools requires fine-grained lithic 
raw materials.  On the Great Plains, these include chert, chalcedony, some quartzites, 
petrified wood, and  porcellanite  that occur in primary bedrock outcrops of Paleozoic 
through Tertiary age.  Secondary lithic sources are deposits of Quaternary lag gravel 
created by fluvial transport of cobbles away from these primary outcrops (Banks 1990; 
Black 2000; Holliday 1997; Miller 1991).  Rhyolite, basalt and obsidian from the Rocky 
Mountains were also present in some lithic assemblages (Banks 1990; Labelle 2005; 
Miller 1991; Shortt 2002). 
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Cryptocrystalline siliceous rocks comprise the majority of raw material in 
Paleoindian assemblages because these materials are superior for tool manufacture and 
maintenance (Goodyear 1989).  Thus, Goodyear hypothesized that “among mobile 
hunter-gatherers, the use of cryptocrystalline raw materials is a strategy for creating 
portable and flexible technologies to offset geographic incongruities between resources 
and consumers” (Goodyear 1989:8).  Lithic raw materials are unevenly distributed across 
the Great Plains (Bamforth 2002; Holliday and Welty 1981; Reher 1991).  The location 
of lithic raw material sources relative to the sites where they were discarded has provided 
data used to support inferences about hunter-gatherer mobility (Bamforth 1988; Frison 
1991; Goodyear 1989; Hester and Grady 1977; Hofman 1994; Kelly 1988 Seeman 1994; 
Wormington 1957).  Hester and Grady (1977:92-93) estimated an average band territory 
as having a campsite at its center and a radius of 145-194 km (90-120 mi).  The authors 
calculated this value based on the average distances between a campsite and the source 
locations of lithic raw material that was found in the site assemblage; however, they 
noted that, for very high quality stone, the distance between the source area and the site 
where the material was discarded was often greater than the transport distances expected 
for their proposed band territory. 
A critique of Goodyear’s cryptocrystalline hypothesis is provided by Ingbar 
(1994:55), who argues that the utility of stone from a particular geological formation is 
not determined by the intrinsic properties of the raw material but rather by the specific 
tool needs and technological organization of the hunter-gatherer band that procured the 
raw material.  Ingbar argued that just because a lithic source was near a Paleoindian site, 
it does not automatically follow that the Paleoindians would have  exploited it.  This 
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behavior has been described both ethnographically and archaeologically.  An 
ethnographic study of Australian aborigines (Gould and Saggars 1985:118) showed that 
tool stone was procured during travel to maintain long-distance social networks.   An 
example of this behavior in the Paleoindian record occurred at the Early Paleoindian site 
of Nobles Pond (33ST357) in Ohio.  Although high quality stone was available locally, 
Paleoindians utilized the chert sources of Upper Mercer, 70 km  and Flint Ridge, 110 km 
southwest of the site (Seeman 1994:276). 
In chapter 2, I explained that raw material procurement can be embedded within 
the seasonal round used for hunting and gathering, or it can be disembedded when 
procuring raw material occurs separately from subsistence activities (Binford 1979). The 
association of quarries with campsites has been cited as evidence for embedded lithic 
procurement in the Paleoindian record throughout the Americas (Kelly and Todd 
1988:236).  This generalization is also supported regionally for the plains of Texas 
(Hofman and Todd 2001:204) as well as  eastern Colorado and Northeastern New 
Mexico (Labelle 2005:55). 
The acquisition and trade of raw materials is one example of disembedded 
procurement.  Exchange is viewed as a mechanism to disperse high quality lithic 
materials over wide geographic distances (Reher 1991; Root 1997).  For example, Reher 
(1991) proposed that prehistoric hunter-gatherers traded with other bands to exchange the 
fine-grained quartzite from the Spanish Diggings quarry of eastern Wyoming.  He argued 
that since the Spanish Diggings quarry was far from wood and water resources, it would 
not be suitable for embedded procurement.  The fact that stone quarrying was labor-
intensive and required stripping brush from the ground, driving wedges into rock, and 
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carrying hundreds of kilograms of quartzite suggested that a number of people were 
needed to extract the resource.  The presence of many tent rings, end scrapers, and 
grinding slabs from multiple campsites provides evidence for intensive use of the quarry 
(Reher 1991:279). 
Bamforth (2009:151-154) proposed that Paleoindian flintknappers may have 
acquired raw materials both through exchange networks and through direct procurement 
from quarries themselves.  Bamforth calculated the average width to thickness ratio for 
projectile points of various materials at the Horner site and concluded that similar 
patterns of resharpening were evident for both local and distant lithic sources (Bamforth 
2009:147).  He found that projectile points made of local material from the Absaroka  
mountains had an average width to thickness ratio of 3.3 while materials from more 
distant sources such as the Hartville Uplift were somewhat thinner with a ratio of 2.9.  
Archaeologically, the “widespread and well-documented pattern of discard of points from 
geographically dispersed sources with comparable degrees of wear and resharpening” is 
consistent with obtaining toolstone via exchange networks rather than the argument that 
“Paleoindian groups obtained all or almost all of their stone directly from raw material 
sources” (Bamforth 2009:154)    Exchange is also supported if projectile points are made 
of exotic materials while other artifact classes are made of locally-occurring materials 
(Meltzer 1989:25).  Muñiz (2005:244) proposed that lithic materials found within 115-
165 km of a site were procured directly, but materials from greater distances may have 
been acquired through trade. 
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Some Well-Known Lithic Sources in the Study Area 
The term chert has been used to refer to sedimentary microcrystalline silicates, 
including subgroups such as flint, agate, jasper, and chalcedony (Luedtke 1978:414).  In 
fact, a search of the Colorado State Historic Preservation records showed that 
archaeologists have used these terms interchangeably (Black 2000:134).  Generally, chert 
sources can be distinguished by characteristics such as distinctive color (Holliday and 
Welty 1981:204), grain size (Banks 1990:90), or through chemical analyses (Luedtke 
1978; Shackley 1998).  Chalcedony has been described as fibrous in texture under 
magnification while cherts have a more homogeneous microcrystalline structure (Banks 
1990:91).   Both materials are fine grained, but chalcedony is a mineral while chert is a 
rock (Holliday and Welty 1981:205). 
One well-known chert source on the Northern Plains is Knife River Flint located 
in west-central North Dakota (Bamforth 1988; Clayton and Bickley 1970; Frison 1991; 
Root 1997, 1998).  Stone tools made of this distinctive dark brown material have been 
reported from sites throughout the study such as Hudson-Meng, 515 km (320 miles) 
away, (Agenbroad 1978:72-73) and at Olsen-Chubbuck, at least 940 km away (Muñiz 
2005:197; Wheat 1972:126).  In an analysis of the Benz site, a Cody Complex workshop 
at the Knife River Flint quarry, Root (1997) proposed that flintknappers produced 
artifacts that were exchanged among Paleoindian bands. 
Knife River Flint is visually similar to the members of the White River Group 
Silicates.  These sources include Flattop chalcedony, West Horse chert, and Scenic 
chalcedony (Hoard et al. 1993; Miller 1991)  , as well as the locality at Sentinel Butte 
North Dakota (Huckell et al. 2011).  Well-known source locations of White River 
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Silicates include Flattop Butte in northeast Colorado, the White River Badlands of 
southwest South Dakota/northwest Nebraska, and Table Mountain in southeast 
Wyoming/southwestern Nebraska (Hoard et al. 1993:698-699).  The Flattop chalcedony 
source in Colorado is typically lavender-gray with white inclusions but may be white, 
brown, pink, or reddish purple, and ranges from translucent to opaque (Hoard et al. 
1993:700).  Material from the Flattop quarry has been recovered from the Jurgens and 
Frasca sites in northeastern Colorado (Fulgham and Stanford 1982; Wheat 1979).  
Material from the Table Mountain source occurs at Hell Gap in southeastern Wyoming 
(Knell et al. 2009:160) and the White River Badlands source is not present in the site 
assemblages analyzed for this study. 
Visually matching lithic raw material sources to particular stone artifacts should 
be done cautiously because the match is only probable and not certain (Shackley 
1998:261).  Neutron activation analysis has been shown to identify sources of White 
River Group Silicates and that these sources are chemically distinct from Knife River 
Flint (Horde et al. 1993; Huckell et al. 2011).  If chemical signatures are analyzed and 
materials are determined to be White River Group Silicates  rather than Knife River Flint, 
then lithic materials were not procured or traded from as wide a geographic area as 
previously thought.  Although I raised the question of identifying Knife River Flint in 
sites in Colorado, this study will not include chemical analyses that might determine if 
the raw material is Knife River Flint or White River Group Silicates. 
Quartzite is another fine-grained material that often occurs in the same geologic 
formations as chert.  For example, the Hartville Uplift in Wyoming contains both cherts 
and the Morrison/Cloverly formation Quartzite.  Quartzite that is found in sedimentary 
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form is known as orthoquartzite, and in metamorphic form it is called metaquartzite 
(Banks 1990:91).  Well-known among Plains lithic sources is the fine-grained quartzite 
from the Morrison/Cloverly formation quarries in eastern Wyoming (Spanish Diggings is 
but one; Reher 1991).  Cloverly formation  orthoquartzite is "tan, brown, purple, and gray 
in color"  (Miller 1991:464).  This material has been reported at Hell Gap in Wyoming 
(Knell et al. 2009:159) and Jurgens in Colorado (Wheat 1972:123). 
Well-known Southern Plains lithic sources include Alibates silicified dolomite 
and Edwards chert located in Texas.  Alibates dolomite is found in the Canadian River 
valley in northern Texas; it is characterized by multi-colored bands in blue, purple, red, 
brown, or white (Banks 1990); some of the Alibates dolomite has been altered to agate 
(Holliday 1997:244).  Alibates lithic material has been recovered from the Blackwater 
Draw site (Hester 1972), and the Olsen-Chubbuck Site in southeastern Colorado (Wheat 
1972).  The Tecovas Formation, located on the eastern escarpment of the Llano Estacado 
in Texas, includes chert, jasper, and quartzite. The Tecovas Jasper is an even red in color 
Holliday and Welty 1981).  Tecovas quartzite is found in vivid shades of red, yellow, 
brown, and white (Banks 1990:93; Holliday 1997).  Edwards chert is tan, gray, or blue 
and is found as nodules in the extensive limestone of the Edwards Plateau in west-central 
Texas. 
Volcanic lithic materials such as basalt, rhyolite, and obsidian originated in the 
Rocky Mountains, and these materials have been recovered at Cody Complex sites 
(Miller 1991:472).  For instance, obsidian from the Yellowstone Plateau was found at the 
Horner site (Frison 1987:275-276).  Likewise, the El Rechuelos obsidian source in 
Northern New Mexico was found in the Claypool lithic assemblage (Jason LaBelle, 
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personal communication 2008).  Obsidian from the Valles Caldera in the Jemez 
Mountains has been reported at Blackwater Draw in eastern New Mexico (Johnson et al. 
1985). 
 
Archaeological Sites in My Study 
Projectile points analyzed in this study were recovered from 13 archaeological 
sites including bison kills, processing areas, and campsites.  The sites are in Wyoming, 
western Nebraska, and on the eastern Plains of Colorado and New Mexico.  Two sites, 
Horner and Finley, are located in the Rocky Mountains west of the Continental divide; 
however, they are in structural basins that are geologically connected to the Great Plains 
(Frison 1987:6-7; Howard et al. 1941:70).  The Horner site in the Bighorn Basin can be 
reached from the plains via its northern end, and the Finley site is in the Green River 
Basin 400 km to the south; B. antiquus was found at both sites (Todd and Hofman 
1987:538).  The sites studied necessarily comprise a subset of the Cody Complex sites in 
North America.   In some cases--notably Blackwater Draw, Carter/Kerr-McGee, Hell 
Gap, and San Jon-- the sites consisted of multiple, stratified, cultural complexes. In other 
cases, the site assemblages consisted of distinct spatial localities such as Horner with its 
two components, and Jurgens that contained 3 activity areas with their associated 
projectile point assemblages.  This section is intended only as a summary of the 
discovery, postdepositional processes, and physiographic settings of the sites.  The 
descriptions below include the site function, geomorphic setting, and the lithic raw 
material sources that comprised the chipped stone assemblages.  Figure 4.2 shows the site 
locations.  
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Great Plains Late Paleoindian Sites 
 
Figure 4.2. Cody, Foothill-Mountain, Agate Basin, Hell Gap, and Allen Sites. Alberta: 1, Fletcher. 
Montana: 2, Barton Gulch (2MA171); 3, Mangus (24CB221); 4, Sorensen (24CB202). Wyoming: 5, 
Mummy Cave; 6, Horner (48PR29); 7, Medicine Lodge Creek (48BH499); 8, Schiffer Cave; 9, Sisters 
Hill (48JO314); 10, Carter-Kerr/McGee (48CA12); 11, Casper; 12, Greene; 13, Agate Basin 
(48NO201); 14, Hell Gap (48GO305); 15, Finley; 16, James Allen. Nebraska: 17, Hudson-Meng 
(25SX115); 18, Scottsbluff; 19, Lime Creek (25FT41). Colorado: 20, Frasca; 21, Phillips-Williams 
Fork Reservoir Middle Park; 22 Frazier; 23, Kersey; 24, Jurgens (5WL153); 25, Jones-Miller; 26 
Lamb Springs (5DA201); 27, Claypool; 28, Olsen-Chubbock; 34, Nelson. New Mexico: 29, R-6; 30, 
San Jon; 31, Kendall; 32, Blackwater Draw. Texas: 33, Lubbock Lake (41LU1).  Red dots indicate the 
sites used in this study. After Huckell and Judge 2007: Figure 6. 
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Wyoming Sites 
 
Carter/Kerr-McGee 
The Carter/Kerr-McGee site (48CA12) is a bison processing area approximately 4 
km (2.5 mi) northeast of Gillette, Campbell County, Wyoming.  The site, located in the 
Powder River Basin of Wyoming and Montana, is the northernmost archaeological site  
 
included in this research.  It is at an elevation of 1384 m (4541 ft) above sea level (Rice et 
al. 1980:17).  The site was located at the boundaries of two coal mining corporations, 
Carter and Kerr-McGee.  Both companies funded the complete excavation of the site in 
1977 prior to strip mining the area (Frison 1984).  The stratified site consisted of four 
components originally defined by Frison (1984:290) as: Clovis, Folsom, Agate 
Basin/Hell Gap, and Alberta/Cody that are separated by layers of sterile sediment  
(Figures 4.3-4.5)..  The lowest stratigraphic level is now designated as Goshen (Kornfeld 
et al. 2010:78). Specifically, the Alberta/Cody level is 35 cm above the Hell Gap/Agate 
Basin level.  Coal veins that burned out during the late Pliocene or early Pleistocene 
caused land to subside and created depressions that held intermittent ponds of up to 0.8 
km in diameter (Frison 1984:290).  An arroyo extending southward from one of these 
small depressions cut into the site and eroded deposits on the northern end of the bone 
bed.  The Alberta/Cody bone bed, measured 16 m x 5 m was less affected by erosion than 
the other stratigraphic levels of the site (Frison 1984:291).  The bones were not well 
preserved and were cast in plaster or wrapped in aluminum foil before they were 
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removed.  During the Paleoindian period, there was a lake to the north of the site, and 
Frison (1984) proposed that the bison were driven into an arroyo trap.  Bison tooth  
eruption sequences placed the kill in December or January, and Frison characterized the 
site as a processing area where dismembered skeletal portions were frozen and preserved 
for later use.  The actual kill locality was probably downstream at the bottom of the 
arroyo.    There was no charcoal at the site and only the bone was suitable for radiocarbon 
dating.  
Deterioration of the bone occurred because it was found at a shallow depth of 15-
25 cm from the modern ground surface.  A radiocarbon date on an unaltered long bone  
 
Carter-Kerr/McGee  
 
Figure 4.3 Topographic surface map of the Carter-Kerr/McGee site from Frison 1984: 
Figure 3. 
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Figure 4.4 Map showing geomorphic setting of the Carter-Kerr/McGee site arroyo and 
prehistoric lake from Frison 1984: Figure 5. 
 
 
was 6950±190 B.P. (RL-737), and it is too young when compared to dates from other 
Cody Complex sites (Frison 1984:292).  Based on radiocarbon dates from the Horner 
site, Frison (1984:292) estimated the Alberta/Cody occupation at Carter/Kerr-McGee to 
be about 9390-8750 B.P. 
The cultural affiliation of each stratum of the site is based solely on diagnostic 
stone tools including 19 projectile points from the Alberta-Cody level.  While Eden and 
Scottsbluff points were found among the bones, three Alberta points were found only at 
the bottom of the bone bed (Frison 1984:291-292).  Artifacts made from nonlocal lithic  
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Carter-Kerr/McGee 
 
Figure 4.5 Stratigraphy of the Carter-Kerr/McGee site (Frison 1984: Figure 4). 
 
 
raw materials include Black Hills quartzite 55 to 165 km east of the site (Muñiz 
2005:228).  Other materials found were gray chert, from east of the site, Hartville Uplift 
chert, and petrified wood (Frison 1984:299-300).  One lithic material that is local to the 
Powder River Basin has been called clinker (Frison 1984:290) or porcellanite (Muñiz 
2005:228).  Other lithic materials include Morrison quartzite, as well as local quartzites 
and cherts with nonspecific quarry areas. 
 
Finley 
The Finley site (48SW5) is a bison kill and processing area about 6.4 km (4 miles) 
east-southeast of the town of Eden, Sweetwater County, Wyoming (Howard 1943).  The 
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site is at an elevation of approximately 2018 m (6621 ft) above sea level (Mayer 
2003:39); it is between the Eden Valley on the west and the Killpecker Dune field on the 
east (Figure 4.6).  The Eden Valley is formed by the intersection of three creeks: Big 
Sandy, Little Sandy, and Pacific (Hack 1943). Eolian processes caused artifacts to move 
within the dune field, which may account for the report of Folsom points found with 
Cody points(Satterthwaite 1957). 
The Killpecker dune field extends 80 km (60 miles) to the east of the Finley site 
(Hack 1943; Mayer 2003).  The parabolic dunes are oriented with openings at the west 
and southwest following the dominant wind direction both in the Paleoindian period and 
at the present time.  The resulting parabolic dunes are U-shaped, open to the windward 
side and closed to the leeward.  During the twentieth-century, the western portion of the 
Killpecker Dunes was stabilized with vegetation, predominately greasewood (Hack 
1943:235-236)  The  artifacts were found between two soil horizons with iron and 
manganese oxides indicating that climatic conditions were wetter than at present (Hack 
1943:237-241).  Mayer (2003:58) confirmed the presence of these soils and argued that 
The moisture came from springs at the edge of the dune field.  Interdunal ponds were 
probably used as bison traps (Mayer 2003) because the sand dunes would have prevented 
bison from escaping. 
The Finley site was discovered in 1940 when Orion M. Finley found seven 
complete or fragmentary projectile points at the base of one of the dunes (Satterthwaite 
1957:1).  Initially, test excavations were conducted by Finley and Harold Cook of  
Nebraska that yielded five more projectile points.  These artifacts remained in Finley’s 
possession and were borrowed for study by the University of Pennsylvania Museum  
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Finley Site 
 
Figure 4.6 map of the Finley site (Satterthwaite 1957: Figure 3).  
 
 
(Satterthwaite 1957:2).  Excavations continued in the summer of 1940 by the University 
of Pennsylvania Museum in Philadelphia, and jointly in 1941 with the Nebraska State 
Museum.  Artifacts and calcified bison bone were found in a clay stratum immediately 
under the dune sand that was designated as Station A (Satterthwaite 1957:4), and is now 
generally referred to as the Finley site (Frison 1991; Haspel and Frison 1987).  During 
fieldwork, artifacts were found at five additional locations, designated as Stations B-F at 
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distances of 0.40 km (0.25 mi) from station A (Satterthwaite 1957).  The faunal 
assemblage is comprised of broken metapodials, mandibles, and teeth, but skulls and 
horn cores were absent; for this reason the site was originally interpreted as a campsite 
associated with a concentration of bison bones (Howard 1943; Howard et al. 1941).  A 
study of left metacarpals (Haspel and Frison 1987:489) determined that the minimum 
number of individual bison is 59.  Diagnostic artifacts recovered by the University of  
Pennsylvania excavations included 24 projectile points, of which 16 were found in situ 
(Satterthwaite 1957; Wormington 1957:124).  George Frison conducted additional 
fieldwork at Finley in the early 1970s and he noted disturbance from looting and 
continuing exposure by eolian processes (Haspel and Frison 1987:489).  Lithic materials 
found at the site included flint, quartzite, and obsidian. 
 
 
Hell Gap 
 The Hell Gap site (48GO305) is a multicomponent, stratified camp site 16 km 
northeast of Guernsey, Goshen County, Wyoming.  The site is at an elevation of 1525 m 
(5000 ft) above sea level in the Hell Gap valley of the Haystack Range (Figure 4.7; 
Irwin-Williams et al. 1973; Kornfeld and Larson 2009).  The site is on the eastern side of 
the Hartville uplift, an area of southeastern Wyoming known for high-quality lithic 
materials including Hartville chert and Cloverly-Morrison Formation orthoquartzite, 
more commonly known as Spanish Diggings quartzite (Miller 1991; Reher 1991). Hell 
Gap Valley is a submontane environment that provided shelter with winter temperatures 
averaging 10 degrees F warmer than those on the short-grass plains to the east (Irwin- 
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Hell Gap 
 
Figure 4.7 map of the Hell Gap site (Kornfeld and Larson 2009: Figure 1.1). 
 
Williams et al. 1973:41).  Modern vegetation consists of pine and juniper forest 
interspersed with species of grass, yucca, and prickly pear cactus as well as willow and 
box elders growing along Hell Gap Creek (Irwin-Williams et al. 1973).  During the Late 
Pleistocene and Early Holocene, Hell Gap Creek was a permanent stream, and vegetation 
included a meadow with lush grasses (Haynes 2009:49). 
The Hell Gap site consists of five localities; four are Paleoindian, (I, II, III and V), 
and Locality IV is late prehistoric/late archaic, dating to A.D. 1200.  The five localities 
are distributed along Hell Gap Creek, and they are generally numbered from I 
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downstream and east to V further upstream and west in the valley, with the exception of 
IV, which is east of Locality I (Irwin Williams et al. 1973:41-43).  Locality I is at a sharp 
bend in Hell Gap Creek on the northeast bank, just before the stream emerges from the 
valley onto the plains; the locality is in an open area that is surrounded by hills on the 
remaining three sides.  Locality II is 300 m upstream of Locality I and is situated at the  
base of a sheer granite cliff.  Locality III is 600 m northwest of Locality II in an open 
area.  Locality V is across the stream and is 150 m southeast of Locality III; it is on a 
terrace between Hell Gap Creek and one of its tributaries. 
In 1959, James Duguid and Charles McKnight reported the Hell Gap site to 
George Agogino (Irwin-Williams et al. 1973:43).  During 1959-1960, Agogino and C. 
Vance Haynes conducted test excavations at the site, recovering artifacts from the Agate 
Basin, Hell Gap, and Cody complexes.  Further excavations of the site were conducted 
from 1961-1966 by a team that included Agogino as well as Henry and Cynthia Irwin of 
the Peabody Museum, Harvard University.  At the conclusion of the Harvard 
excavations, the unexcavated portions of the site were sealed in concrete to preserve them 
for future work.  In 1992, the University of Wyoming began new fieldwork at Hell Gap 
by reopening the original excavations at the western section of Locality I.  The 
unexcavated portion of Locality I, designated as the “witness block”, was determined by 
finding the concrete cap that was laid in August 1966 (Kornfeld and Larson 2009:10-11).  
Then the fill to the south and west of this witness block was removed.  A similar 
procedure was later undertaken to reopen Localities II and V in 1994 and 1995. 
Hell Gap was occupied throughout the Paleoindian period with dates from 
11,000-7,500 B.P.  The four Paleoindian localities represent nine cultural complexes: 
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Goshen, Folsom, Midland, Agate Basin, Hell Gap, Alberta, Cody (Eden and Scottsbluff), 
Frederick, and Lusk (Kornfeld and Larson 2009:5).  The components of interest to this 
study are the Alberta and Eden/Scottsbluff levels at Locality I, and the Eden/Scottsbluff 
level at Locality V. 
Radiocarbon dates obtained from the various cultural components reflect 
differences in sampling techniques.  Samples taken for radiocarbon dates in the 1960s 
were either from black organic layers or composites of charcoal collected over wide 
areas. Thus, the sampling method resulted in radiocarbon ages that had large standard 
deviations.  For the Eden/Scottsbluff level at Locality I, radiocarbon dates taken from 
bone were 8890 ± 110 B.P. (A-753a)and 9050 ± 160 (A-753c3) B.P. (Haynes 2009:47).  
Recently Haynes (2009) reported a more accurate accelerator mass spectrometry (AMS)  
date run on a bulk sediment sample collected in 1999 that is 8685±  70 BP (A-35655)  
This is interpreted as a minimum date for the Eden/Scottsbluff level at Locality I.  The 
average of these three radiocarbon dates is 8935 ± 90 B.P. for the Cody occupation at 
Hell Gap Locality I (Holliday 2000). 
The Hell Gap site is notable among Paleoindian sites because it  was the first 
stratified Paleoindian campsite to be excavated (Irwin-Williams et al. 1973:52).  The 
interpretation of Hell Gap as a campsite is based on evidence for structures, and artifacts 
such as stone and bone beads, ground stone, and hammer stones, and the absence of bone 
(bison) beds.  The location of Hell Gap was favored because of its’ proximity to multiple 
resources including wood, water, and abundant lithic raw materials (Irwin-Williams et al. 
1973; Knell 2007; Larson and Kornfeld 2009; Muñiz 2005).  The evidence for structures 
included two super-imposed circles of postholes found in the Agate Basin level  at 
114 
 
Locality II, a stone circle in the later Frederick component at Locality I and a Midland 
structure at Locality II (Knudson 2009:26). 
Although the Alberta and Cody components lack structures, the faunal and lithic 
assemblages contain evidence that supports residential occupations of the site.  Individual 
bison or small herds were hunted near the site because the faunal assemblage is 
comprised of articulated limbs, crania, and mandibles that are bulky and difficult to 
transport long distances (Knell et al. 2009:175-176).  The lithic assemblage from the 
Alberta and both Cody Complex components at Hell Gap is also consistent with 
residential occupations because activities included biface manufacture, resharpening, and 
discard (Knell 2009:184-185, 187; Knell et al 2009:166).  See my discussion below and 
in Chapter 5. 
 
 
Locality I 
Both the Alberta and Eden/Scottsbluff components of Locality I are characterized 
as single living surfaces with artifacts restricted to the north of the 1960s excavation 
block (Figure 4.8; Irwin-Williams 1973:45).  The Eden/Scottsbluff level was excavated 
in 1963-1964, and the Alberta level was excavated in 1964 (Knell 2009:180).  The 
research by Knell plotted densities of diagnostic projectile points, other stone tools, and 
bone, from the 1960s field maps for Locality I.  Strata at Locality I showed that the 
Eden/Scottsbluff level was immediately above the Alberta level but that the Alberta level 
is spatially restricted and to the western end of the Eden-Scottsbluff levels.  Knell 
(2007:167) found that the densities were lowest at the top and bottom of cultural layers  
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Hell Gap Locality I 
 
Figure 4.8 Hell Gap Locality I (Knell et al. 2009a: Figures 12.1 and 12.2) 
 
and higher in the center.  Knell used an analytical technique called minimal analytical 
nodule analysis to group lithic debitage and tools into nodules of the same material based 
on visual similarities and close vertical or horizontal provenience (Larson and Kornfeld 
1997).  Knell showed that Henry Irwin sometimes drew the contact between layers in a 
way that crosscut nodules.  Knell’s analysis separated artifacts by culture in 27.9 m2 
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designated as Locality I West.  A cut-and-fill event confused stratigraphy in Locality I 
East and Knell did not analyze artifacts recovered from that section of the site. 
An Alberta point was found between a charcoal date of 10,560 ± 80 B.P. (AA-
20545) and a date of 9410 ± 95 B.P. (AA-28774) (Haynes 2009:46).  The Alberta level 
occurs in Haynes’  stratum E4, a yellowish brown layer of fine silt and sand.  The Alberta  
lithic assemblage contained 288 artifacts including 6 conjoin sequences (broken flakes 
that refit), 21 tools, and 267 pieces of unmodified debitage (Knell 2007:170).  Most of the 
Alberta chipped stone (59.7%) is nonlocal Green River chert, and The remaining 40.3  
percent of the lithic assemblage comes from local chert and orthoquartzite (Knell 
2007:170).  Major Green River chert outcrops are found over 200 km west of Hell Gap in 
various outcrops located in western Wyoming, northwestern Colorado, and northeastern 
Utah (Miller 1991:467).  The Green River chert debitage consists of biface thinning 
flakes which indicates that flakes or early stage bifaces were brought into camp where 
tool manufacture occurred (Knell 2007:171-172).  This assertion is also supported 
because no Green River chert bifaces or bifacial cores  were discarded at Hell Gap.  The 
three Alberta projectile points are exhausted and resharpened, which suggests off-site 
manufacture and use prior to their discard at the site (Knell 2009:184-185).  The Alberta 
level has been interpreted as a short term occupation because of the lower frequency of 
local lithic raw material and the presence of recycled projectile points (Knell 2009:187). 
The Eden/Scottsbluff level at Locality I was found in stratum E5, a layer of 
yellowish brown silt interspersed with gravel lenses.  One Scottsbluff point was found 
near charcoal that produced a radiocarbon date of 9120 ± 490 B.P. AA-27675 (Haynes 
2009:46).  The lithic assemblage contains 1047 artifacts including 33 conjoined 
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sequences, 58 tools, 1 tool blank, 2 cores, and 986 pieces of unmodified debitage (Knell 
2007:180).  In contrast with the Locality I Alberta component, 99 percent of the lithic 
assemblage recovered at the Eden/Scottsbluff level consisted of local cherts and 
orthoquartzites. The assemblage includes trace amounts of White River Group Silicates, 
and the closest source of this material is Table Mountain located about 55 km southeast 
of the site (Knell 2009:187).  Biface manufacture is inferred from the presence of 11 
biface manufacture rejects and 185 biface thinning flakes; cortex on most biface thinning 
flakes suggests that initial production of early stage bifaces occurred away from camp 
(Knel 2007:183-185).  Nine fragmentary projectile points were found, including 4 
resharpened Scottsbluff points, 2 Eden points, and 3 that were classified as indeterminant 
because of their extremely fragmentary condition (Knell 2007:189). 
 
 
Locality V 
 In 1964, several Eden points, other lithic artifacts, and faunal remains were 
exposed by a backhoe in Test Trench 2 just south of Locality III (Figure 4.9; Knell 2007).  
The site was originally designated as Locality IIIS (Knell et al. 2009; Larson et al. 2009), 
but it is more commonly known as Locality V (Irwin-Williams et al 1973; Knell 2007; 
Muñiz 2005).  The 1964-1965 fieldwork exposed a wedge-shaped excavation block 
approximately 5.6 m (18 ft) north/south by 12.8 m (42 ft) east/west (Knell et al. 
2009:157).  The Locality V stratigraphy slopes to the west and refits trend from east to 
west indicating that post-depositional processes such as slope wash affected the 
distribution of artifacts at this locality.  Furthermore, much of the faunal assemblage is 
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weathered from a long period of exposure on the ground surface before burial (Knell et 
al. 2009). 
The lithic assemblage at Locality V contains at least 9058 artifacts including 
unmodified debitage and nearly 300 tools and cores.  Due to deterioration of field bags 
before systematic cataloging and inventory occurred, this number is lower than the total 
number of artifacts recovered (Knell 2007:197-199).  The frequency distribution of lithic 
raw materials at Locality V corresponds to that for the Eden/Scottsbluff component at 
Locality I.  Over 99 percent is comprised of locally-available Hartville chert and 
Cloverly/Morrison orthoquartzite, with trace amounts of nonlocal White River Group 
silicates most likely from the Table Mountain source (Knell et al. 2009:160). 
Locality V has been described as a “concentration of artifacts, workshop 
materials, and faunal remains” (Irwin-Williams 1973:47).  The lithic assemblage likely 
also represents a palimpsest of repetitive occupations (Knell 2007:230; Muñiz 2005:85- 
86).  Several lines of evidence support the inference that biface manufacture began offsite 
and continued after blanks were brought back to Locality V.  Most biface reduction 
flakes lacked cortex  (Knell 2007:205).  The manufacture of projectile points was 
important as shown by the recovery of 19 preforms and 21 projectile points (Knell 
2007:206, 217).  Only one of the projectile points was complete, and seven were 
probably discarded because of their small size and stems that were truncated by 
transverse breaks that occurred in the hafting element (Knell 2007:217). 
 Variations in the frequencies of lithic raw materials found in the Alberta and 
Eden/Scottsbluff components reflect differences in hunter-gatherer mobility patterns 
through space and time.  As noted above, nonlocal Green River chert found west of Hell  
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Hell Gap: Locality III/V 
 
Figure 4.9 Hell Gap: Locality V (III south) (Knell et al. 2009b: Figure 11.2).  
 
 
Gap is the most common raw material in the Alberta Component lithic assemblage, and 
local materials are less abundant.  The Alberta component may represent a short-term 
occupation when compared to that of the Eden/Scottsbluff levels (knell 2007:236).  This 
contrasts with the pattern of raw material usage at the Cody Complex components where 
locally-available Hartville chert and Cloverly/Morrison orthoquartzite comprise 99 
percent of the lithic assemblages, and nonlocal White River Group Silicates from Table 
Mountain source is only 55 km southeast of Hell Gap which may indicate limited 
logistical or residential movement to the region east of the site.  Hunting territories might 
have coincided with distributions of local raw materials because, if the Eden/Scottsbluff 
hunter-gatherers were utilizing territories nearer other sources of tool stone, fragments of 
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exotic materials would have been discarded at Hell Gap (Bradley 2009:272). 
 
Horner 
The Horner site (48PA29) is a multicomponent site 5.1 km northeast of Cody, 
Park County, Wyoming.  The site consists of camp site and bison butchering areas at an 
elevation of 1,476 m (4,843 ft) above sea level (Frison 1987:10).  Horner is located on 
the Cody terrace at the confluence of the Shoshone River and Sage Creek (Albanese 
1987:282-287).  The modern terrace edge drops steeply into the river canyon suggesting a 
later episode of downcutting, but remnant streams and playas are still visible on the 
terrace (Frison 1987:11).  The Cody terrace was occupied repeatedly as shown by stone 
circles, probably Late Prehistoric  in age,  that were found near the Paleoindian 
component (Todd et al. 1987:63-65). 
The Horner site was discovered by James Allen of Cody Wyoming in 1939 who, 
in 1948 showed it to Dr. Glenn Jepsen, a vertebrate paleontologist from Princeton 
University (Frison 1987:93).  The site consists of two components, Horner I and II 
(Figure 4.10; Todd et al. 1987:41).  Horner I was visible at the modern ground surface 
and it was excavated by a joint Princeton University-Smithsonian Institution team from 
1949-1952.  Horner II was exposed in a backhoe trench that was dug to study the 
geological context of the Horner site.  The bone bed was found at a depth of 
approximately 2 m of fine sediments and was excavated by the University of Wyoming in 
1977-1978.  Horner I consists of two separate excavation areas: a bone bed excavated in 
1949, and a campsite to the north of it excavated in 1950-1952 (Todd et al. 1987:41).  
Lithic artifacts from Horner I were consistently given identification numbers and their  
121 
 
Horner Site Plan View Map 
 
Figure 4.10 Horner Site Plan View map (Todd et al, 1987: Figure 3.1).  
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provenience within a 10-10 foot grid square was documented (Todd et al. 1987:42-43).  
During the 1949-1952 excavations provenience information for bone was not recorded; 
however, faunal elements such as mandibles, teeth, astragali, and metapodials were 
selectively collected  (Todd et al. 1987:60).  Although information on the faunal 
assemblage is scarce, the Horner I bone bed contained simi-articulated skeletal units, all 
of which consisted of limbs (Todd et al. 1987:82).  The northern excavation area of 
Horner I is interpreted as a camp site based on the presence of hearth areas and clusters of  
stone tools and bison bone fragments (Todd et al. 1987:89).  The campsite area also 
contained more utilized flakes when compared to the bone bed that yielded a higher 
concentration of projectile points and scrapers; there are 21 projectile points in the 
campsite and 32 in the bone bed (Bradley and Frison 1987:227-228).  Frequencies of 
projectile point types differ between the two areas of Horner I.  The campsite contained a 
majority of Eden points, and the bone bed contained mostly Scottsbluff and Alberta/Cody 
types. 
In the spring of 1977, George Frison of the University of Wyoming directed 
geological testing of the Horner site as part of additional documentation for a publication 
based on the prior fieldwork.  A backhoe trench was excavated to the south of the 
Princeton-Smithsonian excavations.  The profile revealed scraps of bison bone within a 
stratum of dark soil resting on the cobbles of the Cody Terrace, and another exploratory 
trench that was dug to the west located a bone bed (Frison 1987:95-96).  The Horner II 
bone bed contained the skeletons of approximately 70 bison within a shallow arroyo.  
The complete bison skeletons exhibited cut marks, indicating that the Horner II bone bed 
was a primary kill and processing area.  Although no postholes were found in the terrace 
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cobbles, Frison (1987:101) proposed that a corral was built around the depression and the 
bison herd was driven into that structure.  Two radiocarbon dates, 9875 ± 85 (SI-
4851A)and 10,060 ± 220 (SI-10900) for the Horner II bone bed revealed that it was 
almost 1000 years older than the Horner I component samples that were resubmitted for 
dating at the same time (Frison 1987:97).    Radiocarbon dates for Horner I are 8840 ± 
120 (UCLA-697B) and 8750 ± 120 (UCLA 697A) (Table 4.2).  The radiocarbon dates 
and the stratigraphic record provide evidence that the components were not 
contemporaneous. 
Prior to the University of Wyoming monograph, the Princeton-Smithsonian 
excavations were only published in brief reports (Jepsen 1953; Wormington 1957:127-
128), but the field notes were available for study by the University of Wyoming (Frison 
and Todd 1987).  Artifacts previously held at Princeton were transferred to the University 
of Wyoming. There are surface collected points within the collection that lack 
provenience, but 83 points were found in situ (56 from the Princeton-Smithsonian 
excavations, 6 collected by Robert Edgar of Cody, Wyoming, and 21 from the University 
of Wyoming excavations) (Frison and Bradley 1987:200).  The Horner I assemblage 
consists of 62 projectile points from known contexts (Bradley and Frison 1987:207).  The 
Horner II assemblage consists of 13 complete, and 3 incomplete points, and 5 fragments 
that were produced by “a single group of people at a specific point in time” (Bradley and 
Frison 1987:201-202). 
Lithic material sources are abundant in the mountains surrounding the Bighorn 
Basin (Frison 1987; Miller 1991).  Basalt and other volcanic materials are available from 
the Absaroka Mountains to the west of the site, or in a secondary source as cobbles from 
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terraces along the Shoshone River. Obsidian comes from the Yellowstone Plateau (Frison 
1987:275-276).  Silicified wood is found in the Absaroka Mountains.  Morrison 
Formation quartzites are fine grained and range from light to dark gray in color, and 
Morrison cherts are yellow to orange and dull maroon in color and found in the Bighorn 
Basin. The high quality Phosphoria chert comes from the Bighorn Mountains 120 km east 
of the site, and color varies from blood red to light pink and blue to white (Frison 
1987:276-277); light green or yellow spots are common.   Madison chert is a high quality 
material that includes a variety of colors with ranges from transparent to opaque (Frison 
and Bradley 1987:277).  Local quartzites can be found in gravels along nearby 
streambeds.  Porcellanite (also known as clinker), gray and yellow through orange in 
color, was obtained from the southern Bighorn Basin or the Powder River Basin in 
Eastern Wyoming and Montana. The porcellanite is softer than the Morrison chert and 
quartzite (Frison 1987:277).  One Scottsbluff point is made of Knife River Flint. 
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Table 4.2 Radiocarbon Dates for archaeological Complexes. 
Complex Site Radiocarbon Age 
(BP) 
Calibrated age 
(BC) 
Calibrated age 
(BC) 
Calibrated 
age (BC) 
Calibrated 
age (BC) 
Calibrated 
age (BC) 
Material 
Dated 
Reference 
Firstview Blackwater 
Draw 
9890 + 290 (A-489) 10,020-9914 
(.085) 
9890-9120 
(.826) 
9003-8918 
(.069) 
8895-8869 
(.020) 
    Agogino et al. (1976) 
 ??? 
Olsen-
Chubbuck 
10,150 + 500 (A-744) 10,685-10486 
(.120) 
10,472-9252 
(.880) 
      Bone 
organics 
Wheat (1972) 
9395 + 20 (Av, 8) 8708-8667 
(.642) 
8658-8634 
(.358) 
      Bone 
organics 
Holliday et al. (1999) 
 ??? Jurgens 9070 +90 (SI-3726) 8447-8363 (.24) 8355-8210 
(.76) 
      Charcoal Wheat (1979) 
  
Lubbock 
Lake 
8655 + 90 (SI-4177) 7788-7766 
(.067) 
7761-7583 
(.933) 
      Soil 
organics 
Holliday et al. (1983) 
8210 + 240 (SMU-
830) 
7529-7023 
(.890) 
6968-6946 
(.028) 
6936-6914 
(.026) 
6881-6836 
(.056) 
 Soil 
organics 
 
7980 + 180 (SMU-
827) 
7132-7105 
(.040) 
7083-6642 
(.960) 
      Soil 
organics 
  
Alberta Fletcher 9380 + 110 (TO-
1097) 
8806-8467         Carbonized 
seeds 
Vickers and Beaudoin 
(1989) 
 ??? Hell Gap 
8590 + 350 (A-707) 8216-7314           Haynes (1967) 
10,560 +/- 80 
(AA20545) 
10688-10564 
(.683) 
10552-10473 
(.376) 
      Charcoal Knell and Muñiz (2013) 
9410±95 (AA28774 8830-8546 
(.988) 
8502-8495 
(.12) 
      Charcoal Knell and Muñiz (2013) 
  
Horner II 
10,060 + 220 (I-
10900) 
10,599-10,587 
(.009) 
10,446-9312 
(.991) 
        Frison and Todd (1987) 
9875 + 85 (SI-
4851A) 
9454-9247             
 ??? 
Hudson-
Meng 
9820 + 100 (SMU-
224) 
9444-9181         Charcoal Agenbroad (1978) 
9380 + 100 (SMU-
102) 
8796-8534 
(.924) 
8514-8480 
(.076) 
      Bone 
organics 
  
8990 + 190 (SMU-
52) 
8422-8407 
(.020) 
8388-8383 
(.008) 
8348-7817 
(.973) 
    Bone 
organics 
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Table 4.2 Continued 
Cody Finley 
8950 + 220 (RL-574) 8322-7738           Frison (1978) 
9026 + 118 (SMU-
250) 
8342-8164 (.576) 8146-7968 (.424)           
  Frasca 8910 + 90 (SI-4848) 8240-7958         Bone 
organics 
Fulgham and Stanford 
(1982) 
  Hell Gap 
9050 + 160 (A-753c3) 8467-8163 (.670) 8147-7967 (.330)       Bone 
mineral 
Irwin-Williams et al. 
(1973) 
8890 + 110 (A-753a) 8239-7937 (.893) 7925-7918 (.018) 7898-7868 
(.068) 
7856-7846 
(.020) 
  Bone 
organics 
  
8600 + 600 (I-245) 8461-7022 (.954) 7012-7006 (.003) 6969-6945 
(.011) 
6936-6914 
(.011) 
6882-6834 
(.022) 
Charcoal   
9120±490 9116-9074 (.026) 9056-9014 (.025) 8908-8906 
(.001) 
8844-7611 
(.948) 
  Charcoal Knell and Muñiz (2013) 
  
Horner I 
8840 + 120 (UCLA-
697B) 
8204-8036 (.431) 8015-7791 (.569)       Bone 
organics 
Frison and Todd (1987); 
Frison (1991) 
8750 + 120 (UCLA 
697A) 
8158-8153 (.010) 7964-7603 (.990)       Charred 
bone 
  
  Jurgens 9070 + 90 (SI-3726) 8477-8363 (.240) 8355-8210 (.760)         Wheat (1979) 
  
MacHaffie 
8620 + 200 (GX-
15152) 
8166-8129 (.046) 7970-7482 (.954)       Bone 
organics 
Knudsen (1973) 
8280 + 120 (GX-
15153) 
7479-7179         Bone 
organics 
  
8100 + 300 (I-578A) 7450-7408 (.052) 7368-6688 (.948)       Bone 
organics 
  
  
Lamb 
Spring 
870±350(M-1463) 8442-8365 BC 
(.064) 
8354-7580 BC 
(.936) 
9119-9005 
BC (.015) 
8916-8900 
BC (.002) 
8853-7137 
BC (.981) 
Bone 
organics 
Rancier et al 1982 
7870±24(SI-45)  7054-6495 BC 
(.997) 
6487-6485 BC 
(.003) 
7450-7409 
BC (.011) 
7366-6332 
BC (.972) 
6316-6254 
BC (.018) 
Bone 
organics 
  
 ??? Nelson 9260±20 B.P. 
(UCIAMS-26939, 
613C = 16.8%o), 
8549-8468 BC 
(1.00) 
 6487-6485 BC 
(.003) 
8570-8423 
BC (.928) 
8406-8391 
BC (.015) 
8379-8350 
BC (.053) 
Bison 
Radius 
Kornfeld et al. 2007 
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Nebraska Site 
Hudson-Meng 
The Hudson-Meng Site (25SX115) is a deeply-buried bison bone bed 37 km 
northwest of Crawford, Sioux County, Nebraska.  The site is on USDA Forest Service 
land at an elevation of 1280 m (4200 ft) above sea level (Figure 4.11; Agenbroad 
1978:1).   The site is located on the northern slope of the Pine Ridge Escarpment near a 
perennial spring that has cut a deep arroyo to the north.  The bison bone bed was found 
eroding out of the west bank by Albert Meng who showed it to Bill Hudson.  In 1954 
construction of a U.S. Soil Conservation Service dam destroyed the eastern portion of the 
site estimated as 25 percent of the bone bed.  From 1968-1970, Larry Agenbroad then of 
Chadron State College, Nebraska, directed test excavations of the bone bed, and he 
conducted more intensive excavations from 1971-1977.  The bone bed has a large 
horizontal expanse, but it has almost no vertical stratification because the unit is only one 
or two bones in thickness (Agenbroad 1978:19).  The original excavations did not reach 
the western, northern, or southern limits of the bone bed despite excavating 600 m2 and 
an additional 100 m of backhoe trenches and test pits (Agenbroad 1978:9).  The western 
portion of the bone bed was buried under 7.6 m (25 ft) of sediment and the water table 
was encountered at 8.2 m (27 ft) below the modern surface (Agenbroad 1978:22). 
The Hudson-Meng site has been interpreted differently by Agenbroad and by 
Lawrence Todd and his colleagues who excavated portions of the site during the 1990s.  
Agenbroad proposed that the bison were driven over the steep western bank, killed in the 
arroyo, and butchered on a terrace about 60 m east of the arroyo.  Agenbroad (1978:15) 
inferred that the site represented either a single kill event, or the presence of artifact  
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Hudson-Meng 
 
Figure 4.11 Map of the Hudson-Meng site from (Agenbroad 1978: Figure 3). 
 
 
scatters and charcoal among the bones could indicate a series of kills within a short time.  
Two kill events are proposed based on the presence of discreet flintknapping loci that 
resulted from the repair of broken projectile points (Huckell 1978:175). 
An alternative interpretation by Todd and Rapson (1995) holds that the bone bed 
represents a natural mortality event such as a lightning strike or prairie fire, rather than 
the result of humans hunting bison.  Since there are no cut marks on the bison bone, and 
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stone tools were found 5-7 cm above the bone bed rather than among the bones 
themselves, Todd and Rapson (1995) proposed that the artifacts are not associated with 
the faunal remains.  Furthermore, they noted that the paleosol containing the bones 
indicated a slope that was far too gentle for use as a bison jump.  Information on the lithic 
assemblage recovered by the 1990s excavations is not included in this research.     
Despite the large size of the bone bed, only 20 complete and fragmentary 
projectile points belonging to the Alberta Complex were recovered from the site 
(Agenbroad 1978:67).  Of these, two fragments were found on the USDA dam and 
spillway once construction was finished.  Radiocarbon dating of charcoal produced an 
age determination of 9820 ± 120 B.P. (SMU-224) that, along with the presence of Cody 
Knives, supported the view that the Alberta projectile point type is the basal member of 
the Cody Complex.  As such, projectile points found at Hudson-Meng are ancestral to the 
later Scottsbluff and Eden points. 
Knife River Flint, ranging from dark brown through lighter brown shades to 
amber in color, is present both as projectile points and as debitage in the Hudson-Meng 
lithic assemblage (Huckell 1978:167).  The primary source area for Knife River Flint is 
523 km (325 mi) north northeast of Hudson-Meng, but extensive secondary sources occur 
in deposits along the Knife River Valley.  Another raw material, Scenic chalcedony, is 
visually similar to Knife River Flint (Horde et al. 1993), and it is located 75 km from 
Hudson-Meng (Muñiz 2005:187). 
Other raw materials include quartzite, porcelanite, phosporia chert, and various 
local cherts.  Initially, quartzite was thought to be from the Spanish Diggings quarry 80 
km (50 mi) west of the site, but later petrographic analysis showed that quartzite 
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projectile points resemble material from the Flint Hill quarry found in the Black Hills 64 
km (40 mi) north of Hudson-Meng (Agenbroad 1978:73).  A projectile point tip, 1550, 
was made of Metamorphosed shale, or porcelanite,  that was produced by coal bed fires 
in the Powder River basin of Eastern Wyoming and Montana.  The assemblage also 
contained a fine-grained red Jasper that was transported about 321 km (200 mi), from the 
Phosphoria formation in the Bighorn Basin of Wyoming to Hudson-Meng (Huckell 
1978:169).  Local chert and chalcedony were obtained from secondary cobble sources 
about 3.2-4.8 km (2-3 mi) north and east of the site (Agenbroad 1978:73).  
A study of debitage showed that the site contained four spatially distinct flint 
knapping loci, and each of these contained multiple clusters of flakes of various raw 
materials (Huckell 1978:154).  Most of the debitage consists of small percussion and 
pressure flakes lacking cortex that resulted from manufacture or resharpening of bifacial 
tools and repairing broken projectile points (Huckell 1978:170-174).  Thus, nonlocal 
materials such as Knife River Flint was transported to the site as large bifaces from which 
projectile points and generalized butchering tools could be manufactured as they were 
needed at the kill site.   
The Hudson-Meng projectile points have been extensively reworked, both by 
resharpening lateral margins, and by creating new stems on tip fragments (Agenbroad 
1978:72).  Measurements of basal length and width are the most consistent attributes of 
the Hudson-Meng projectile points because only four projectile points—001, 945, 1378, 
and 3010—are not reworked while the remaining 6 had tips that were extensively 
resharpened (Agenbroad 1978:72-75).  Two projectile points had indented stems 
suggesting that they were reworked tips (Agenbroad 1978:72).  Huckell (1978:185) noted 
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that creating a base on the proximal portion of a broken tip could be accomplished by 
removing lateral and, sometimes,  longitudinal flakes from the margins; this technique 
would result in distinct broken corners and concaved bases. 
Agenbroad (1978:72) reported that some projectile points were asymmetrically 
reworked along one, or both, of their lateral margins.  For example, an incomplete 
projectile point, (189), was reworked asymmetrically on its left margin, while its right 
margin retained the original flake scar pattern common to Alberta points.  Agenbroad 
proposed that broken projectile points were reused as knives; however, huckell 
(1978:173) determined that use-wear patterns were not consistent with use as knives.  
Agenbroad also argued that the complete projectile point 945 associated with a bison 
vertebrae, was used as a knife to kill a wounded animal by severing its spinal cord near 
the base of its skull.     
 
Colorado Sites 
Claypool 
The Claypool site (5WN18) is 30.6 km (19 mi) south and 6.4 km (4 mi) east of  
Otis, Washington County, Colorado.  It is at the western edge of the Sand Hills of 
northeastern Colorado (Malde 1960) and at an elevation of 1273 m (4175 ft) above sea 
level (Figure 4.12; Wormington 1957).  The physiographic setting of the Claypool site is 
within a deflation basin 183 m (600 ft) long from east to west, and 4.3 m (14 ft) deep at 
its deepest point (Dick and Mountain 1960:224).  The width of the basin decreases from 
340 ft at the west end to 200 ft at the east end.  The basin is informally referred to as a 
blowout by locals.  Beyond the blowout is a series of parabolic sand dunes, opening to  
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Claypool Site 
 
Figure 4.12 Map of the Claypool site (Dick and Mountain 1960:Figure 1) 
 
 
the northwest following the prevailing wind direction, most of them are now stabilized by 
grass, sage, and yucca (Malde 1960:241-242). 
The Claypool site was discovered by Perry and Harold Anderson in the 1930s and 
it was, known as site 64 in their records.  Later, the site was collected by Bert Mountain, 
who also noticed mammoth remains there in the 1950s.  During the summer of 1953, 
Herbert Dick of the University of Colorado Boulder conducted excavations at Claypool, 
and he divided the site into two areas, I and II (Dick and Mountain 1960:224).  Area I is a 
rectangular plot  measuring 6 by 9 m  (20 by 30 ft), that includes the mammoth remains  
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located on the marl.  Area II, containing the lithic assemblage and bone fragments, 
measures 15 by 18 m (50 by 60 ft) and is located at the northwestern end of the deflation 
basin.  A surface collection made by Bert Mountain comprised 90% of the artifacts 
examined by Dick and Mountain (1960:230). 
In 1975, Dennis Stanford of the Smithsonian Institution conducted excavations to 
the west of the University of Colorado excavations, and he used the original site datum as 
a reference to set up his grid units.  Backhoe trenches were dug to characterize the 
geomorphology of the Claypool site (Stanford and Albanese 1975:23).  Two trenches 
were dug through the deflation basin, an east-west trench 14 meters long and 2 meters 
wide, and a north-south trench 16 meters long by 2 meters wide. Stanford and Albanese 
(1975) noted that small flakes were dispersed vertically in their excavations and bone 
fragments were weathered, both observations indicating that eolian processes moved 
artifacts from their original context and deposited them in the deflation basin. 
Over 90 percent of the artifacts found were in the deflation basin (Dick and 
Mountain 1960:225), and several artifact refits were necessary because eolian processes 
moved artifacts around the site.  Dick and Mountain (1960:228) reported that four refits 
were made between projectile points found in the Mountain surface collection and those 
recovered by the University of Colorado excavations.  Refits include the midsections to 
Cl-1 and Cl-8, as well as tips for Cl-2 and Cl-12.  The refits indicated that the Mountain 
surface collection contained artifacts from the CU excavations at Claypool. 
Since Claypool is in a deflation basin, “it is not clear whether there was one 
continuous Cody occupation or possibly several reuses of the site by different, essentially 
Cody, groups” (Bradley and Stanford 1987:406).   The stratigraphy of the Claypool site 
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consists of a Cody Complex occupation in a sandy deposit, Area II of the University of 
Colorado excavations, that is stratagraphically above a mammoth in a marl deposit, Area 
I.  The mammoth has been interpreted both as a natural death that occurred thousands of 
years earlier within a regional marl deposit of the Grand Island formation that extended 
into Nebraska (Dick and Mountain 1960; Malde 1960), and as a human kill that occurred 
within a truncated local marl deposit in association with the Clovis projectile points 
(Stanford and Albanese 1975). 
The closest source of lithic raw materials is the Akron gravel deposited about 40 
km (25 mi) northwest of Claypool; Dick and Mountain (1960:227) identify these gravels 
as secondary sources of basalt, petrified wood, yellow and red jasper, moss agate, 
hornfels, and quartzite.  Nonlocal raw materials found at Claypool include Smoky Hills 
silicified chalk from Nebraska, Flattop chalcedony, and Morrison/Cloverly formation 
quartzite from the Hartville Uplift (Muñiz 2005:235).  Raw material sources from 
northeastern New Mexico were also present, including Madero Formation chert (Stanford 
and Albanese 1975:24) and El Rechuelos obsidian (Jason LaBelle, personal 
communication 2008).  Finally, Muñiz (2005:235) identified Tecovas jasper from the 
Southern Plains of Texas. 
Dick and Mountain (1960:225) classified Claypool as a campsite because charred 
bone was present and the artifact assemblage included a diverse number of artifact types 
such as Cody knives, end scrapers, gravers, drills, and shaft abraders.  The variety of 
lithic materials  from geographically-dispersed sources in the Claypool assemblage 
suggests that two Paleoindian bands traveled from opposing directions and then met and 
camped together (Muñiz 2005:238).  One band travelled from the north because they 
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discarded raw materials that originated in Nebraska and Wyoming, while another band 
came from the south or southeast  and discarded lithics from New Mexico and Texas. 
 
Frasca 
The Frasca site (5LO19) is a bison processing site 32 km (20 miles) north and 
west of Sterling, Logan County, Colorado.  The landowner, Charles Frasca, had noticed 
bones eroding from a cut bank of Pawnee Creek located on his ranch since the 1930s, but 
the first Cody Complex projectile point was not discovered until 1978 (Fulgham and 
Stanford 1982).  Excavations conducted during September and October of 1979 consisted 
of a 6  m2 block that was later designated as Area 1, and a 1 m2 test pit that later became 
part of Area 2.  In the summer and fall of 1980, the site was completely excavated 
because its location in a cut bank about 3 m above Pawnee Creek would have led to its 
future destruction by erosion. 
The Frasca site consisted of two bison bone concentrations called Areas 1 and 2.  
Area 1 is a bone bed that covered 28 m2 and contained over 7500 bones within a 0.5 m 
layer.  Although the bone was poorly preserved, the skeletal elements were mapped, and 
articulated units represented the butchering of at least 56 animals.  The presence of fetal 
bison remains indicated a late fall or winter season of death (Fulgham and Stanford 
1982:7).  Area 2, located 100 m southwest of Area 1, was a lower density surface scatter 
of bone.  One hundred ninety bones were recovered from this area, but no artifacts were 
found. 
The bone bed found at the Frasca site is in a shallower arroyo than that of the 
Olsen-Chubbuck site.  The Frasca bone bed contained both articulated and disarticulated 
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bones stacked together, indicating that the bones were dumped into the arroyo after 
butchering.  The kill is believed to have been made downstream of the site (Fulgham and 
Stanford 1982). 
 The Frasca site lithic assemblage is composed of eight projectile points, one flake 
knife, and 16 unutilized flakes.  Three complete projectile points, three tips, and one base 
fragment were found during the excavations of Area 1.  Another complete projectile point 
was recovered north of the site, but Fulgham and Stanford (1982) did not provide an 
exact distance.   Four of the projectile points were identified as Flattop chert, a material 
that was quarried approximately 35 km (22 mi) north northeast of the site (Fulgham and 
Stanford 1982:6, 8).  Other local gravels, in the hills immediately south of the site, 
provided chert and quartzite for stone tool manufacture.  No exotic lithic materials were 
found (Fulgham and Stanford 1982:6).  The presence of Flattop chert, the absence of 
exotic raw materials, and the late fall/winter season of death suggest that the Frasca site 
represents a local adaptation in which autumn months were spent in northeastern 
Colorado (Muñiz 2005:221). 
 
Jurgens 
The Jurgens site (5WL53) is 1.6 km north of Kersey and 14.5 km east of Greeley, 
Weld County, Colorado.  The multi-component site consisting of 2 bison processing 
areas and a campsite, is at an elevation of 1405 m (4611 ft).  It is located on the north 
edge of the Kersey Terrace of the South Platte River just downstream of its confluence 
with the Cache la Poudre River (Figures 4.13 & 4.14).  The large site assemblage  
consisted of “2635 stone and bone artifacts, including 247 chipped stone artifacts, 271 
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utilized flakes, 2023 debitage flakes, 30 ground stone objects, 55 stone and mineral  
specimens, and nine bone artifacts ” (Wheat 1979:71).  Wheat also reported that 63 
projectile points were recovered, 37 were from excavation contexts while 26 were from 
surface collections.   
  The Jurgens site was discovered by the geologist Frank Frazier in 1967 during 
excavations of the nearby Paleoindian (Agate Basin) Frazier site.  In 1962, land owner 
George Jurgens leveled an agricultural field to improve irrigation.  A 3 m-high gravel 
ridge at the edge of the Kersey Terrace was removed, causing artifact bearing gravel and 
topsoil to be moved to the north and east into a section of the site that became known as 
the fill area.  The leveling of the Kersey Terrace exposed three localized concentrations 
of archaeological material, designated as areas 1-3, (Wheat 1979:11).  Initial test pits 
were dug in 1967 by Frank Frazier and H. M. Wormington, both of whom were 
excavating the nearby Frazier site.  The Jurgens site was more thoroughly excavated by 
Joe Ben Wheat of the University of Colorado Museum in the summers of 1968 and 1970.  
The 1968 excavation season began in proximity to a bison bone bed exposed in Test Pit C 
(Wheat 1979:38-39).  The 1970 excavations concentrated on a location that Wheat 
designated as Area 1. 
Area 1 is a bone bed located in the southeastern portion of the Jurgens site within 
a shallow linear depression, or swale, oriented northwest-southeast and parallel to the 
ridge at the terrace edge (Wheat 1979:12).  The bone bed contained 23 articulated faunal 
units compared to 2456 disarticulated bones, suggesting that the location is a processing 
area rather than a kill site.  Wheat noted distribution patterns of certain faunal elements 
within the bone bed that indicated locations where specific butchering activities took  
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Jurgens Site Plan View Map 
 
Figure 4.13 Jurgens Site Plan View Map (Wheat 1979: Figure 6).  
 
 
place.  For example, a concentration of ribs and thoracic vertebrae in the south-central  
portion of the bone bed suggests that this location was used to process meat from rib 
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cages.  Distinct concentrations of elements such as scapulae, humeri, femora, and tibae 
indicated well-defined activity areas for processing limbs (Wheat 1979:25-26). 
Area 2 is near the center of the Jurgens site and contains a much more diffuse 
scatter of bone when compared to the denser concentrations in Areas 1 and 3 (Wheat 
1979:33).  Many fragments of bison and pronghorn bones were shattered and could not 
be identified to skeletal element.  Wheat interpreted this area as a campsite in which 
marrow was extracted or bone tools were manufactured. 
Area 3 is near the northwest corner of the Jurgens site.  It is larger than the Area 1 bone 
bed and contained 3028 bones, including 142 articulated bison bone units and 2105 
disarticulated bison bones (Wheat 1979:43).  The butchering activities described for Area 
III are similar to those for Area 1 because particular skeletal elements were recovered in 
distinct spatial locations (Wheat 1979:49).  Few skull fragments were found, but Area 3 
contained a higher percentage of mandible fragments, suggesting that bison tongues were  
extracted at this location.  Wheat interpreted Area 3 as a bison processing area for a 
nearby kill site.  A later study of bison dentition (Hill and Hill 2002:105) reported that 
animals were killed in the fall, but they could not determine whether or not Area 1 and 3 
represent the same kill event. 
Although Wheat (1979:152) reported three discrete occupations at the Jurgens site 
with area 3 being older than either areas 1 or 2, Muñiz 2005 argued that the stratigraphy 
of the Jurgens site does not support the idea that each area comprises a distinct 
occupation.  Muñiz (2005:102) noted that the archaeological deposits at each area are 
either within or capped by a clay or interbedded clay/loam unit. The sand deposits that 
Wheat (1979) noted at areas 1 and 2 are localized deposits that were transported from  
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Figure 4.14 Jurgens Site Map showing stratigraphic profiles of the Kersey Terrace both 
east-west and north-south (Wheat 1979: Figure 4 a, b, & c). 
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nearby dunes by eolian processes.  Since the sand is localized, the time of deposition is 
unresolved, and therefore, the temporal relationship among the deposits at the three areas 
cannot be determined.  Finally, the separation of artifacts and faunal remains into three 
areas may be a result of the leveling of the Kersey terrace prior to the discovery of the 
Jurgens site. 
Muñiz (2005:203, 205-206) argued that because similar lithic raw materials were 
distributed throughout the site, all three areas at Jurgens comprise a single, simultaneous, 
occupation.  Muñiz used minimum analytical nodule analysis to group tools and debitage 
into nodules based on color and other internal characteristics, and he determine that tools 
and debitage from the same nodule occurred in more than one area of the site.  For 
example, Muñiz (2005:203) noted that a projectile point tip (23046) of Black Forest 
silicified wood was found in Area 2 and two flakes from this nodule were found in Area 
1.  
Various lithic raw material sources have been identified in the Jurgens 
assemblage including Alibates dolomite, Black Forrest silicified wood, Flattop 
chalcedony, Hartville Uplift chert, Holiday Springs chalcedony, Knife River Flint, moss 
agate, Smoky Hills silicified chalk, and Spanish Diggings quartzite (Muñiz 2005:203-
211; Wheat 1979:73-74, 123).  Local raw materials such as cobbles of unidentified chert, 
jasper, quartzite, and silicified wood occur in the Kersey gravels that directly underlie the 
Jurgens site as well as in lag gravels along the South Platte River (Wheat 1979:123).  
Wheat (1979:123) identified artifacts of Spanish Diggings quartzite that is also known as 
the Cloverly Group of the more geographically widespread Morrison Formation (Miller 
1991:464).  Thus, Muñiz (2005:116) noted that the fine-grained quartzite is perhaps  
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“derived from secondary cobble deposits on the plains of northeastern Colorado, 
however, the exact source location has not yet been identified”.  The most common 
material used at Jurgens is White River Group Silicates, chalcedony or chert from Flattop 
Butte, 115 km distant from the Jurgens site (Muñiz 2005:206). 
Wheat (1979:73-74) employed descriptive terms for several raw materials that 
have been assigned source localities by later scholars, notably Muñiz (2005).  For 
example, Wheat’s designations of chalcedonized wood or jasperized wood have been 
classified as Black Forest silicified wood Muñiz (2005:204).  Although the primary 
outcrops of Black Forest silicified wood are located 150 km south of the Jurgens site, 
cobbles of this material are redeposited in gravels along the South Platte River (Muñiz 
2005:208). 
Likewise, Wheat (1979:127) described a material with an algal structure as 
Holiday Springs chalcedony, but it resembles a translucent chert with dendrites known as 
moss agate that occurs throughout the chalk bluffs of northeastern Colorado (Kornfeld et 
al. 2007:261-262).  Exotic materials such as Alibates dolomite, Hartville Uplift chert, 
Knife River Flint and Smoky Hills silicified chalk have been found at Jurgens (Muñiz 
2005:208). 
 
Lamb Spring 
The Lamb Spring Site (5DA83) consists of two components, a concentration of 
mammoth bone and a bison kill and processing area with chert artifacts (Stanford et al. 
1981).  The site   is 3 km (2 mi) east of the Front Range in Douglas County, Colorado 
near Littleton.  It is located both within and adjacent to an inactive spring vent on a divide 
between the South Platte River and Plum Creek (Mandryk 1998).  See figure 4.15.  In 
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some cases the faunal remains were intermixed because the channel containing the bison 
kill cut into an earlier channel that contained the mammoth remains.  The mammoth 
bones did not represent a single depositional event because while small fragments of 
bone and teeth were found directly on the bedrock surface, larger bones were found in 
strata above the bedrock (Mandryk 1998:823). 
In 1960, Charles Lamb found the site when he uncovered bones while enlarging a 
stock pond at an artesian spring.  The Lamb Spring site was excavated on two occasions 
by archaeologists from the Smithsonian Institution, National Museum of Natural History 
(Rancier et al. 1982; Stanford et al. 1981). In 1961-1962, Waldo Wedel excavated an area 
of about 732 m2 (2,400 ft2).  In 1980-1981 , and Dennis Stanford excavated about 29 two-
by-two-meter excavation units (excavated to a maximum depth of about 3.5 m), as well 
as several backhoe trenches. 
The bison, associated with Cody Complex points,  were probably trapped and killed in 
the soft, boggy, ground near the spring and Stanford et al. (1981) proposed the same 
trapping and killing procedure for the mammoth  found at the site.  Approximately   
40 mammoths were present at the site with collagen dates of 11,735 ± 95 (SI-4850) and 
13,140 ± 1,000 (M-1464), but they are not associated with human activity (Fisher 
1992:56, Mandryk 1998). A boulder weighing 15 kg and from the South Platte River, 1.5 
km distant, that shows heavy scarring suggestive of battering was found with the 
mammoth remains; Stanford et al (1981:23) asserted that humans used it to break the 
bones. Fisher (1992:53) argued that this boulder, along with a quartzite biface, sank 
through the fine-grained sediments and are intrusive to the mammoth bone assemblage.  
Geofacts, or chalcedony pebbles, were associated with the mammoth bones, but they  
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Lamb Spring Plan View Map 
 
Figure 4.15 map of the Lamb Spring site (Mandryk  1998: Figure 8). 
 
 
have been characterized as “crudely flaked artifacts” (Rancier et al. 1982:13). 
 Other arguments for human predation of the mammoth include: (1) radial 
fractures on long bones and disarticulated skeletons, and (2) bone flakes and cores from 
the manufacture of expedient bone tools (Stanford et al. 1981).  It is more probable that 
the flaked bone and the “bone flakes and cores” were formed by nonhuman taphonomic 
processes including water transport of bones, or bone destruction by gnawing scavengers, 
microbiota, trampling by large animals, and mechanical and chemical decomposition 
(Fisher 1992:57; Haynes 1985).  Any or all of these taphanomic processes could have 
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produced the broken mammoth bones at the Lamb Spring site given that springs are a 
likely place for animals to congregate an also to die.  Fisher (1992:65) characterized the 
“flake scars” on broken bones as carnivore tooth marks, and mammoths trampling of 
bone could have mimicked bulbs of percussion and the striking platforms reminiscent of 
humans using hammerstones.  Therefore, the mammoth cannot be attributed to human 
activities. 
The Cody Complex component at Lamb Spring consists of projectile points and 
flakes associated with the bison bone bed in a channel leading from the spring (Rancier et 
al. 1982:10-11).  The lithic assemblage includes seven projectile points, a fragment of a 
Cody knife, a scraper, a flake cutting tool, and several resharpening flakes (Rancier et al. 
1982:13; Stanford et al. 1981:16).  Three projectile points are complete and four are 
fragmentary (Stanford et al. 1981:16).  The assemblage consists entirely of local   lithic 
raw material sources including chalcedony and petrified wood from the gravels along the 
South Platte River, and Dakota quartzite from the Hogback outcrop of the Colorado Front 
Range (Rancier et al. 1982:13). 
 
 
Nelson 
The Nelson site (5WL4872), a bison bone bed in Weld County, Colorado is on the 
northern edge of the Colorado Piedmont  about 2.6 km northwest of Pawnee Buttes 
(Kornfeld et al. 2007:258-259).  The site lies immediately north of an unnamed, east-
flowing, tributary 5.5 km upstream of its confluence with North Pawnee creek, both of 
which are now ephemeral streams.   Nelson is about 50 km upstream (west) of the Frasca 
site and about 75-80 km from the South Platte River along which lies the Jurgens site.  A 
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radiocarbon date of 9260±20 B.P. (UCIAMS-26939, 613C) as well as diagnostic 
projectile points place the age of the site in the Cody complex (Kornfeld et al. 2007:273). 
The archaeological deposits at Nelson are within a layer of unconsolidated 
sediments, about 20 cm deep, that immediately overlies bedrock.  Sedimentary deposits 
are derived from erosion of the Chalk Bluffs about 4 km west of the site.  Small erosional 
channels have exposed bone concentrations and lithic artifacts in an area of 
approximately 35 m north-south and 30 m east-west (Kornfeld et al. 2007:259).  The 
recovered lithic assemblage consists of 14 artifacts, and the recovered faunal assemblage 
includes 212 identified elements.  Since the sample of bone is small, Nelson cannot be 
classified as either a bison kill or processing area.  Evidence from bison dentition 
indicates a late winter season of death (Kornfeld et al. 2007:270).  It is probable that the 
Nelson site represents logistical mobility where hunters transported high-utility elements 
of bison carcasses from the site (Kornfeld et al. 2007:275). 
The Nelson site has been repeatedly visited by professional and avocational 
archaeologists, but it has not been fully excavated.  Although tests have been conducted, 
they comprise only a single 1 m2 unit and perimeter probes.  The known lithic 
assemblage contains only four Cody projectile points.  The lithic material sources found 
at Nelson include orthoquartzite, Morrison quartzite, moss agate, and Bijou Basin 
petrified wood (Kornfeld et al. 2007:261-262).  The lithics, especially the local 
orthoquartzite, can be gathered in gravels along streambeds of the piedmont.  
Orthoquartzite is the most common raw material and includes debitage.  Tools include a 
retouched flake and a biface that were manufactured on Morrison Formation quartzite 
and a graver on moss agate.  A projectile point was manufactured on Bijou Basin 
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petrified wood procured from 70 km to the south, across the South Platte River. 
 
Olsen-Chubbuck 
The Olsen-Chubbuck site (5CH3) is a bison kill 16.5 km south of the town of 
Firstview, Cheyenne County, in Southeastern Colorado.  The site is at an elevation of 
1280 m (4200 ft) above sea level and is near an ephemeral stream that joins the Big 
Sandy, a tributary of the Arkansas River (Figure 4.16; Wheat 1972:12).  Olsen-Chubbuck 
is located in an extinct arroyo oriented east-northeast by west-southwest.  The site was 
exposed by severe wind erosion during the drought of 1954-1956; artifacts and bone 
fragments were found by Jerry Chubbuck who contacted Joe Ben Wheat of the  
University of Colorado.  Chubbuck and another avocational archaeologist, Sigurd Olsen, 
dug test pits that were later incorporated in the University of Colorado Museum 
excavations during the summers of 1958 and 1960. 
 In the course of his excavations, Wheat (1972) mapped and removed the entire 
bone bed measuring 52 m long within the arroyo.  The vertical dimensions of the bone 
bed followed the contours of the extinct arroyo because the bone deposits filled the entire 
central portion of the arroyo (Wheat 1972:25, Figure 12).  The western end of the arroyo 
(0.40 m wide and 0.43 deep) was narrower and shallower than the eastern end (3.5 m  
wide and 2.1 m deep).  Wheat interpreted the arroyo as a bison trail that channeled water 
and then erosion caused it to increase in depth. 
The Olsen-Chubbuck site bone bed reflects a communal hunt carried out by a 
large group of Paleoindians from multiple bands that included an estimated 150-200 
people (Wheat 1972:123).  About 190 animals were driven over the steep arroyo bank, 
killed and butchered, and then bones were tossed aside.  The bone bed consisted of three  
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Olsen-Chubbock Site Location Map 
 
Figure 4.16. The Olsen-Chubbock site in northeastern Colorado (after Wheat 1972: 
Figure 2 [inset] and Figure 3). 
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layers forming a continuous mass, whole animals on the bottom, a middle layer of mostly 
intact skeletal units, and a top layer of disarticulated bones (Wheat 1972:26).  The large 
volume of bison bone discarded in the arroyo after the butchering event trapped 
sediments, which in turn covered and preserved the bone bed until its discovery during 
the twentieth century. 
The age of the Olsen-Chubbuck site has been refined since Wheat’s original 
excavations with recent radiocarbon assays, which in turn, have changed its assigned 
culture historical designation (Holliday et al. 1999).  Wheat (1972:156) obtained a 
radiocarbon date from bison hooves of 10,150±500 B.P. (A-744).  Based on this date, he 
concluded that the Firstview Complex at Olsen-Chubbuck occurred 2000 years before the 
Cody Complex levels at Hell Gap and Horner.  Agogino et al. (1976:220-221) reported 
younger radiocarbon dates from bison hooves at Blackwater Draw of 9890 + 290 (A-489) 
and they argued that Wheat's date for Olsen-Chubbuck was incorrect.  Over two decades 
after Wheat’s excavations, Holliday et al. (1999:451) obtained seven new AMS 
radiocarbon dates on bone that are tightly clustered around an average of 9395 ± 20 B.P.  
These dates are within two standard deviations of Wheat’s original radiocarbon date, and 
therefore, Olsen-Chubbuck is of the same age as northern Plains Cody sites (Holliday et 
al. 1999:451). 
Wheat described lithic raw materials in terms of their color, texture, or other 
qualitative attributes.  Wheat (1972:126) provided the following list of lithic raw 
materials found at Olsen-Chubbuck: Knife River Flint, pale gray flint, tan quartzite, 
Alibates dolomite, dark igneous stone, petrified wood, possibly from the Black Forest 
source south of Denver, red and olive jasper, variegated chert, fine-grain gray quartzite, 
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gray chalcedony, and brown-gray quartzite.  Local cherts are found in lag gravels along 
drainages near the site, and Muñiz (2005:196-197) collapsed Wheat’s observations about 
chert of different colors into a single category for unidentified chert.  The tan quartzite 
could have been procured in local gravels, or obtained from the Akron gravel deposits in 
Northeastern Colorado.  Other raw materials include petrified wood, and a fine grained 
basalt from an unknown source. 
Exotic lithic raw materials found at Olsen-Chubbuck came from different 
geographic directions: Knife River flint or White River Group Silicates from the north, 
and Alibates dolomite and Edwards chert from the south (Muñiz 2005:197).  Wheat 
(1972:126) assigned brown, translucent, material  to the Knife River Flint source, but the 
material may belong to the   White River Group silicates as described above (Horde et al. 
1993).  Since I did not conduct chemical analyses to identify the geological source of this 
raw material, I will follow Wheat’s identification of the material as Knife River Flint.  If 
raw material procurement was directly imbedded in the normal subsistence activities of 
hunter-gatherers, then the Olsen-Chubbuck lithic assemblage would represent the 
aggregation of two bands, one travelling from the north, and the other from the south  
(Muñiz 2005:197, 200). 
 
New Mexico Sites 
Blackwater Draw 
The Blackwater Draw site (LA3224) is a multicomponent, stratified site 
approximately 11 km (7 mi) south of the town of Clovis, Roosevelt County, New Mexico 
(Figure 4.17; Hester 1972; Sellards 1952).  The site is in an ancient basin that was a 
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spring fed pond during the late Pleistocene and early Holocene. The oval-shaped spring-
fed pond measured 91.5 m (100 yd) east to west and 228.6 m (250 yd) north to south with 
a southern channel that connects to the main draw via a shallow 2 km long channel 
(Hester 1972).  The availability of water made it an attractive location for mammoth and 
bison.  Blackwater Draw Locality No. 1 is well known as the type site for the Clovis 
Complex, but it also contains components from the Folsom, Late Paleoindian, and 
Archaic periods. 
 
Blackwater Draw, Station E 
 
Figure 4.17 map of Blackwater Draw: Station E (Hester 1972: Figure 44). 
  
 
 In 1932 the site was discovered when the New Mexico State Highway 
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Department dug a gravel quarry used for construction of the road between Clovis and 
Portales, New Mexico (Hester 1972; Howard 1935:81).  Mammoth and bison bones with 
associated stone tools were this process, attracting the attention of archaeologists after 
local residents shared their findings.  Quarrying activities at the gravel pit continued from 
1932 until the late 1960s; by 1961, the site was nearly destroyed and the original 
stratigraphy was only preserved in a few small sections (Hester 1972:8).  Quarrying 
created a man-made cliff wall along the south lake shore that exposed the stratigraphy of 
this multi-component site (Hester 1972).  The various cultural layers were deposited in 
3.7-4.6 m (12-15 ft) of lacustrine sediments interbedded with layers of eolian sediments 
that recorded periods when the water table was lowered and the pond was desiccated.  
The most recent drying episode began about 8000 BP (Hester 1972:1). 
Edgar Howard visited the site in 1932, conducted excavations from 1933-1937 
and recovered remains of two mammoths, five bison, and Clovis, Folsom and parallel 
flaked projectile points (Hester 1972:26; Howard 1935).  The archaeological stratigraphy 
of Blackwater Draw includes  gray sand containing Clovis artifacts and mammoths, a 
layer of brown sterile sand, a layer of diatomaceous earth containing bison bone beds and 
Folsom points; and carbonaceous silt containing artifacts variously designated as the 
Portales Complex (Sellards 1952) parallel flaked horizon (Hester 1972) or the Firstview 
complex (Wheat 1972).  Artifacts of various cultural complexes have been collected in 
the gravel dumps resulted from quarrying activities by Howard in 1937, and again in 
1946 by A. H. Witte from the Texas Memorial Museum (Hester 1972; Howard 1935; 
Sellards 1952). 
A. H. Witte, Glen Evans, and E. H. Sellards of the Texas Memorial Museum 
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excavated Blackwater Draw in 1949 and 1950 (Sellards 1952).  In addition to work in the 
gravel pit, the Texas Memorial Museum excavations included a test trench that extended 
west from the South Pit beyond the sediments deposited by the prehistoric pond.  Station 
E contained an in situ Cody Complex occupation, and is on the west side of the South Pit 
(Hester 1972:29).  These artifacts have been assigned to the Portales Complex (Sellards 
1952, or the parallel flaked horizon (Hester 1972).  Regardless of the typological 
designation of the Station E bone bed, the late Paleoindian occupation has been described 
as less intensive than the Clovis occupation (Hester 1972:136). 
The excavations revealed an upper bison bone bed with several associated Cody 
Complex projectile points in the carbonaceous silt, and a lower bison bone bed associated 
with Folsom points that was recorded in the diatomite (Hester 1972:36, 39).  The 
carbonaceous silt stratum was named for the presence of burned plant remains among the 
clay and silt particles occurring in a layer 15-45 cm (0.5-1.5 ft) thick (Hester 1972:32).  
Artifacts from the upper bone bed were distributed in an area 16 m (52 ft) north to south 
and 7 m (24 ft) east to west.  An interesting feature of the upper bone bed is a series of 
skulls, all positioned with the palate facing upward, and with the mandibles removed, 
suggesting that tongues were extracted during butchering (Hester 1972:39).  The 
bioturbated bone bed is comprised of at least two separate kill events within the 
carbonaceous silt layer (Johnson and Holliday 1997).  Lithic materials used for Cody 
Complex artifacts recovered at Blackwater Draw include Alibates dolomite and Edwards 
chert, Dakota Formation quartzite, Tecovas jasper, and other local basalt, chert and 
quartzite (Hester 1972:142). 
From 1950-1963, subsequent excavations were carried out by a number of 
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institutions including the Museum of New Mexico, Eastern New Mexico State, Texas 
Technological College, and the El Llano Archaeological Society based in Portales, New 
Mexico.  The publication by Hester (1972:10) summarizes excavations until 1963, 
Excavations undertaken by Eastern New Mexico University from 1964-1974 along the 
south bank of the gravel pit determined that the post-Folsom sequence in the 
carbonaceous silt stratum included the Agate Basin, Cody, and Frederick complexes 
(Agogino and Rovner 1969; Agogino et al. 1976). 
 
San Jon 
The San Jon site (LA6437) is a multi-component site that is near the town of San 
Jon, Quay County, in northeastern New Mexico.  The site is south of the Canadian River 
and is on the northwestern margin of the Southern High Plains, also called the Llano 
Estacado (Figure 4.18; Hill et al. 1995; Holliday 1997).  The site is within a playa 
measuring 360 m in diameter that was later filled by up to 10 m of both eolian and 
alluvial sediment.  Several deep arroyos have cut through the basin fill from the High 
Plains escarpment.  Artifacts from this multiple component site (Paleoindian, Late 
Archaic, and Late Prehistoric) are now exposed on promontories between these deep 
arroyos (Hill et al. 1995:370).  
The San Jon site was first investigated by Frank Hibben and University of New 
Mexico students in 1940, but in 1941, excavations were conducted by  Frank H.H. 
Roberts, Jr. of the Smithsonian Institution.  The Paleoindian component, Area II, 
consisted of a bison bone bed of which 62 m were excavated in 1941 (Roberts 1942).  
The San Jon site was reinvestigated from 1993-1995 (Hill et al. 1995), and the collections 
from Roberts excavations were re-examined (Knudson 1995).  A geological study was 
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conducted; the site was re-surveyed and Robert’s excavation units were relocated.  There 
are from two to four distinct bone beds represented at the San Jon site.  The bone is 
covered with deposits of calcium carbonate that obscures any evidence of cut marks and  
 
San Jon Site 
 
Figure 4.18 map of the San Jon site (Holliday 1997: Figure 3.49). 
 
 
butchering activities.  During the 1941 excavations, some of the faunal remains were 
mapped, and Roberts (1942) speculated that Paleoindian hunters killed bison while the 
animals were stuck in mud surrounding the playa.  Since fragmentary faunal remains 
were often ignored, and only articulated skeletal units were collected, data on bison 
procurement and season of death at the San Jon site cannot be determined (Hill et al. 
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1995:380). 
The site produced the type specimen for the San Jon point, which was made on 
Alibates dolomite and was recovered among extinct bison bones at Area II (Roberts 
1942:8).  Later, H. M. Wormington (1957:113) argued that one artifact was not sufficient 
for typological classification and she assigned the projectile point to the Portales 
Complex, which, in turn was proved to be invalid (Hester 1972).  A second projectile 
point (from the Hibben excavation area) was redeposited in a mixed layer of reddish clay 
and sand among modern bison bones.  It was made on Edwards chert and was originally 
described as a "Collateral or Eden Valley Yuma” point (Roberts 1942:9-10).  A quartzite 
projectile point, 40.17.6 was also recovered from the Hibben excavation area.  A 
midsection of a Folsom point made on Alibates dolomite was found in redeposited 
sediments 150 m north of the Area II bone bed. 
Exotic lithic materials were used for the Paleoindian projectile points, but later 
Archaic projectile points were made of Dakota quartzite or perhaps secondary gravel 
sources from within 100 km of the San Jon site.  Primary sources of Edwards chert 
occurs in outcrops approximately 400 km southeast of San Jon in west-central Texas, and 
secondary sources of cobbles have been reported from the eastern escarpment of the 
Southern High Plains about 250 km away (Banks 1990; Holliday and Welty 1981). 
Outcrops of Alibates dolomite can be found within 200 km east of the site in the Texas 
Panhandle along the Canadian River.   
This Chapter described the archaeological investigations that were conducted at 
13 sites in the study area.  Knowledge of past research provides context for the 
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descriptions of the projectile point assemblages that I will present in the next chapter.  It 
is also useful for hypothesis testing that I will describe in chapter 6.  
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Chapter 5 
Site Assemblage Characterizations 
This analysis includes qualitative and quantitative observations made on 361 
complete and fragmentary projectile points from 13 archaeological sites located across 
the western portion of the Great Plains in New Mexico, Colorado, Wyoming, and 
Nebraska.  This study is based on collections held by four museums and one private 
collector (Table 5.1).  The number of projectile points analyzed varies greatly among the 
13 sites, ranging from 3 at Nelson and San Jon to 120 at the Horner site (Table 5.2).  My 
sample contains 4 sites with fewer than 10 projectile points: Frasca, Lamb Spring, 
Nelson, and San Jon.  Olsen-Chubbuck, with 7 projectile points represented in my study 
is a portion of the site assemblage that is curated at the University of Colorado Museum 
because the remaining 13 points are in private collections (Wheat 1972:125).  The 
projectile point assemblages that I examined coincide with Labelle’s (2005:161) 
observation that “the majority of sites have small sample sizes (e.g.) less than 10 
projectile points, but the minority of sites have larger samples.” 
 
Qualitative Observations 
In Chapter 3, I explained that Cody Complex projectile points have been 
classified by their qualitative attributes such as cross sectional shape, stem configuration, 
and flaking pattern.  I recorded technological attributes (lenticular or diamond-shaped 
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cross section) and (presence or absence of edge grinding) I also noted the condition of the 
projectile point (complete, incomplete, base, midsection, or tip).  Reporting qualitative 
attributes and metric dimensions of projectile points allowed me to evaluate the Bradley-
Stanford reduction sequence and compare site assemblages as described below. 
Table 5.1 Analyzed Cody Complex Site Collections and Their Locations  
Site Museum 
Blackwater Draw Texas Archaeological Research Laboratory (TARL) 
Carter/Kerr-
McGee 
Department of Anthropology, University of Wyoming 
Claypool Natural History Museum, University of Colorado & the 
National Museum of Natural History, Smithsonian Institution 
Finley Department of Anthropology, University of Wyoming & 
*Mark Mullins 
Frasca National Museum of Natural History, Smithsonian Institution 
Hell Gap Department of Anthropology, University of Wyoming 
Table 5.1 
continued 
  
Horner Department of  Anthropology, University of Wyoming & the 
National Museum of Natural History, Smithsonian Institution 
Hudson-Meng National Museum of Natural History, Smithsonian Institution 
Jurgens Natural History Museum, University of Colorado 
Lamb Spring National Museum of Natural History, Smithsonian Institution 
Nelson Department of  Anthropology, University of Wyoming 
Olsen-Chubbuck Natural History Museum, University of Colorado 
San Jon National Museum of Natural History, Smithsonian Institution 
*Mark Mullins is a private collector who resides near Colorado Springs. 
 
Completeness 
The completeness of projectile points reflects the degree to which artifacts may, 
or may not, have been broken prior to discard at each site.  Points were classified as 
complete if they contained a stem, including basal and lateral margins, and a pointed tip.  
Projectile points were described as incomplete if they retained the shoulders and some 
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portion, but not all, of the base or blade.  Stem fragments lacked shoulders and any 
portion of the blade; however, my definition differs from that of some authors (Bradley 
2009 Table K-1; Fulgham and Stanford 1982:5; Hester 1972:182; Wheat 1972) who 
recorded fragments retaining a proximal portion of the blade as “base fragments”.  
Midsections lacked both the stem and tip.  Tip fragments lacked the stem, shoulders, or 
proximal blade.  Table 5.3 shows that 62.9 percent (n=226) of the sample consisted of 
complete or incomplete points. 
Table 5.2.  Total Number of Projectile Points by Site 
Site Site Type 
Number of 
points 
Total % 
sample 
Blackwater kill/processing 27 7.50% 
Carter/Kerr-McGee Processing 19 5.30% 
Claypool Camp 31 8.60% 
Finley kill/processing 18 5.00% 
Frasca processing 8 2.20% 
Hell Gap Camp 33 9.10% 
Horner camp/butchering 120 33.00% 
Hudson-Meng kill/processing 17 4.70% 
Jurgens kill/processing/camp 68 18.80% 
Lamb Spring kill/processing 7 1.90% 
Nelson unknown 3 0.80% 
Olsen-Chubbuck kill/processing 7 1.90% 
San Jon kill/processing 3 0.80% 
Total 
 
361 100.00% 
 
Table 5.3.  Frequencies of Complete and 
Fragmentary Points in the Total Sample. 
Category Count Percentage 
Base 43 11.90% 
Complete 125 34.60% 
Incomplete 102 28.30% 
Midsection 31 8.60% 
Tip 60 16.60% 
Total 361 100.00% 
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Cross Section 
 Cross section refers to the shape of the blade of the projectile point.  The blade 
was classified as lenticular if it was slightly biconvex or diamond-shaped if the projectile 
point had a medial ridge with flake scars that terminated at the midline of the blade 
(Bradley and Stanford 1987:412).  Cross section was recorded for complete and 
incomplete points as well as for midsection and tip fragments.  It was not recorded on the 
43 stem fragments (Table 5.4). 
 In the majority of cases, lenticular points corresponded with those that were 
previously designated as belonging to the Scottsbluff or Alberta types, while the 
diamond-shaped cross section corresponded to artifacts that were previously assigned to 
the Eden type.  There were a few instances when a previous author designated a projectile 
point with a slight medial ridge and diamond-shaped cross section as Scottsbluff.  In 
those cases, I always classified the projectile point as having a diamond-shaped cross 
section for my analyses because Wormington (1957:124) observed that some Eden 
projectile points had slight medial ridges while others were more pronounced. 
 
Table 5.4.  Frequency of Diamond-shaped and Lenticular Cross 
Sections in the Total Sample. 
Category Cross Section Percent 
Not recorded (bases) 43 11.90% 
Diamond 179 49.60% 
Lenticular 139 38.50% 
Total 361 100.00% 
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Edge Grinding 
 The presence or absence of ground edges was recorded on the stems of projectile 
points including stem fragments (n = 43), and complete, and incomplete points (n = 226) 
for a total of 270 or 74.8% of the total sample.  By definition, edge grinding was not 
present on the midsection and tip fragments that comprised the remaining 91 artifacts in 
my analysis. 
 In some instances the projectile point broke within or just above the hafting 
element and it was difficult to determine the presence or absence of ground edges.  Three 
artifacts, described in order of decreasing stem lengths, illustrate this problem.  The 
remaining portion of a broken stem from a lenticular point from the Finley site (artifact # 
12026) measured 3.25 mm.  Edge grinding could not be identified on  this artifact.  A 
diamond-shaped projectile point blade from Carter/Kerr-McGee, #79218, had a stem 
remnant measuring 0.57 mm; however, edge grinding could be identified on  this artifact.  
The extremely small portion of stem remaining on a diamond-shaped projectile point 
(artifact # 516824) from the Horner site was too small for edge grinding to be identified. 
Table 5.5. Frequency of Edge Grinding in the Total Sample. 
Category Presence/Absence Percent 
N/A 92 25.50% 
No 66 18.30% 
Yes 203 56.20% 
Total 361 
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Flake Scars 
 Flake scar counts provide objective criteria to measure the relative coarseness or 
fineness of pressure flaking because lenticular points generally have fewer flake scars 
that result from selective pressure flaking than diamond-shaped projectile points that 
were produced with serial pressure flaking (Bradley and Stanford 1987:415-416).  An 
example of research using average flake scar widths was provided by Wheat (1972:127) 
who calculated average flake scar widths in mm of Firstview points from Olsen-
Chubbuck to characterize the flaking on certain projectile points as uniform and others as 
variable.  I counted the number of flake scars for the blade portion of each complete 
projectile point from the shoulder to the tip.  Flake scars for incomplete points 
(midsection and tip fragments and impact breaks) were also recorded.  Counting flake 
scars allowed me to characterize either the final stage of finishing, or the last 
resharpening episode, that is present on each projectile point before it entered the 
archaeological record.  Because flaking removes part of the previous flake scar, each 
subsequent flake removal has the effect of reducing the measured width of the previous 
scar.  This is particularly evident when flakes are removed in a series, as is seen on 
diamond-shaped projectile points such as the Eden type.  I recorded 4 flake scar counts 
per artifact, one count for each lateral margin of both faces.  An average flake scar width 
in millimeters was calculated by dividing the blade length by the number of flake scars 
counted per margin.  Then I calculated the overall mean for the artifact using the results 
of each margin calculation.  Flake scar data will be presented in chapter 6 where I 
compare projectile points from several site assemblages. 
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Provenience 
 Provenience information (level, stratum, or locus of the site) was recorded for 
artifacts if that information was available either in published reports or in unpublished 
records such as labels affixed to the artifacts themselves, written on bag tags, or on 
museum inventory sheets.  I used provenience information to compare projectile points 
recovered from different localities at multiple component sites such as Hell Gap, Horner, 
and Jurgens.  This allowed me to describe the projectile point assemblages from each 
component of a multi-component site and then discuss similarities or differences among 
components. 
 
Photography 
 Photographs provided visual documentation of the projectile points in this study.  
Photographs were taken with a Nikon CoolPix camera capable of 6 megapixel resolution 
and using macro mode.  During my trial study at the Texas Archaeological laboratory, the 
photographs were taken with the camera held by hand; however, some of the photographs 
were blurry.  Therefore, on subsequent museum visits, the camera was mounted on a 
tripod about 450 centimeters (1.5 feet) above the artifact.  A photo scale measuring 6 cm 
was included in all photographs, and two pictures were taken of each face of the artifact.  
This procedure resulted in a total of four photographs per artifact. 
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Metric Variables 
 Metric data comprises measurements on the stem (hafting area) and the blade (the 
portion of the projectile point excluding the hafting area).  Measurements were taken in 
millimeters with a digital Michotoya caliper.  The measurements include stem length, 
width and thickness, and blade length, width, and thickness (Figure 5.1).  Most analyses 
reported in this dissertation are based on width and thickness variables. 
 
 
Figure 5.1 Location of measurements taken on projectile points. 
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 Blade width and thickness measurements were taken at the shoulders of the 
projectile point, and these values are usually the maximum width and thickness because 
the blade tapers towards the tip.  Stem width and thickness measurements were taken 
immediately proximal to the shoulders of the projectile point to standardize for variation 
in basal shape and to avoid any transverse breaks.  In the case of impact breaks, stem 
fragments were measured next to the break because this measurement position would 
have been closest to the missing shoulders of the original projectile point.  Width and 
thickness measurements for tip and midsection fragments were taken at the widest point 
of the fragment because this measurement position would have been closest to the 
missing shoulders of the original projectile point.  For points having both the stem and 
blade portions, blade length was determined by subtracting stem length from overall 
length.  
 
Descriptive Statistics and Ratios 
 After I separated projectile points from each site into groups for diamond-shaped 
or lenticular cross sections, I calculated descriptive statistics for the metric variables of 
blade width and thickness, and stem width and thickness.  Statistics included the mean 
(average), and standard deviation (dispersion of values from the mean).  I also noted the 
standard error of the mean, a value that shows the difference between the sample mean 
and the estimated population mean (Drennan 1996:107-108).  Many of the statistical tests 
presented below and in the next chapter were two sample comparison for which I used T-
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tests assuming equal variance of independent samples at the 0.95 confidence level where 
alpha = 0.05.  The t-test is generally used to compare two samples because it can “pool 
all the information from both samples into a single statement of the probability that both 
could be selected from the same population” (Drennan 1996:156).     
 I calculated width to thickness ratios for both the stem and blade of each projectile 
point.  General ratios or indices have long been proposed for typological assignments of 
Cody Complex projectile points (Satterthwaite 1957; Wheat 1972).  Although I did not 
make typological assignments, I used the raw ratios (numeric values) to characterize the 
cross sectional shapes, and compare tips to complete points.  Generally, projectile points 
with diamond-shaped cross sections have higher width to thickness ratios than those with 
lenticular cross sections.  To facilitate comparisons among artifacts across sites, I 
calculated the width to thickness ratios for the blade and stem portions of complete and 
incomplete points.  For base fragments, only stem width to thickness ratios were 
determined, while for midsection and tip fragments, only blade width to thickness ratios 
were calculated.  The blade width to thickness ratios of tip and midsection fragments 
were usually higher than those calculated on incomplete and complete points.  A 
consideration when reporting blade width to thickness ratios for tips and midsections was 
how much of the parallel-sided blade remained.  Therefore, 29 projectile point tips were 
excluded because the lateral margins of the fragment were not parallel, and the remaining 
margin tapered to the tip.  Although I examined 91 tips and midsections, a subsample of 
62 was retained for calculation of blade width to thickness ratios.   
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Other Data 
 I supplemented my data with observations from recent analyses of Cody Complex 
sites, especially those conducted by Knell (2007) and Muñiz (2005).  For example, 
Muñiz‘s (2005:322-325) microwear analysis frequently reported instances of “projectile 
point wear,” defined as use-wear on the center of the projectile point blade caused by the 
impact of the point with bone or antler as it was propelled into the carcass.  Projectile 
point wear results from a thrusting motion and includes striations that are oriented 
parallel, or at a 45 degree angle from the longitudinal axis of the projectile point.  Muñiz 
observed that the striae occur on topographical high points such as ridges between flake 
scars and that they cluster near the midline of the blade.  Projectile point wear often is 
differentiated from use-wear caused by slicing motions that occurred on the edge of knife 
blades.  In addition to diagnostic projectile point wear due to impact, Muñiz (2005:325) 
noted haft wear on the stems of many projectile points.  Since Muñiz (2005) analyzed the 
Cody Complex lithic assemblages from 6 sites in my study (Carter/Kerr-McGee, 
Claypool, Hell Gap, Horner II, Jurgens, and Olsen-Chubbuck), I will present his 
observations about diagnostic haft wear on specific projectile points that are also in my 
analysis. 
 Below, I also frequently cite published research on the sources of lithic raw 
materials that occur at the sites in my study.  In most cases, the reference is the original 
site report, but a few assemblages have recently been reanalyzed and I cite more recent 
work.  For the Alberta and Cody complex localities at Hell Gap I draw from several 
authors (Bradley 2009; Knell 2007; Muñiz 2005).  For Jurgens and Olsen-Chubbuck, I 
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follow  The analyses of Muñiz (2005).  I identified raw material type by color and 
texture.  I recorded the assignment of raw material type for artifacts if it was available 
from published reports. Catalog numbers were used to match artifact descriptions in 
tables of published reports with my data. 
 
The Carter/Kerr-McGee Site Assemblage 
  I examined a total of 19 projectile points and fragments from the Carter/Kerr-
McGee site (Table 5.6).  Since Frison (1984:291) grouped the Alberta and Cody complex 
points into a single level, I did not separate the projectile point types in my analysis.  All 
of the projectile points are curated at the Department of Anthropology, University of 
Wyoming and were available for study.   
 Carter/Kerr-McGee is one of the sites for which Muñiz (2005:328) provided use 
wear analysis. He noted the presence of diagnostic projectile point wear on 3 projectile 
points (79200, 79219 and an uncataloged point that he designated as no. 1).  Muñiz 
(2005:328) did not observe any evidence of haft wear or edge wear consistent with use as 
knives. 
 
Raw Material 
 The following raw materials are represented in the Carter/Kerr-McGee   
assemblage quartzite (n = 4), chalcedony (n = 2), porcellanite  (n = 1), chert (n = 11), and 
Knife River Flint (n = 1). 
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Completeness, Cross Section and Edge Grinding 
 The Carter/Kerr-McGee sample consists of 4 complete,13 incomplete projectile 
points, and 2 tip fragments (Table 5.6).  Fifteen of the projectile points have diamond-
shaped cross sections including 3 complete and 12 incomplete points as well as the 2 tip 
fragments.  Two projectile points have lenticular cross sections: 1 complete point, 79280, 
and 1 incomplete point lacking a catalog number. The complete quartzite point, 79280, 
has a ground stem and Frison (1984:299) assigned it to the Scottsbluff type. 
 Frison (1984:298-299) assigned 3 points to the Alberta type, but he observed that 
two points were narrower than is usual for that type.  These points have diamond-shaped 
cross sections in my estimation: 79242, a porcellanite Alberta point (Frison 1984: Figure 
9.d), and 79212, a quartzite Alberta point (Frison 1984: Figure 9.e).  This anomaly may 
have resulted from a misidentification of cataloged points with Frison’s images rather 
than morphological variation in the previously recorded Alberta point.   
 Edge grinding is present on 13 and absent on 4 projectile points.  One incomplete 
projectile point, 79218, retained a remnant of the base measuring 0.57 mm in length and 
the lateral edges are ground. The entire blade, 79.25 mm in length, is diamond-shaped 
and indicates that the stem broke within, or just distal to the haft. 
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Complete and Incomplete Points with Diamond-shaped Cross Sections 
 There are 15 projectile points with diamond cross sections (Table 5.7).  The 
average blade width is 18.15 mm (sd 2.00), and average blade thickness is 6.76 mm (sd 
0.56).  The average ratio of blade width to thickness is 2.7 (sd 0.35); the minimum is 2.30 
on 79219, and the maximum is 3.70 on 79212.  The average stem width is 14.72 mm (sd 
1.62) and the average stem thickness is 4.98 mm (sd 0.51).  The average ratio of stem 
width to thickness is 2.97 (sd 0.28).  The average stem width to thickness ratio is 2.97 (sd 
0.28); the minimum is 2.52 on an unnumbered incomplete point, and the maximum is 
3.38 on 79230. 
 
Complete and Incomplete Points with Lenticular Cross Sections 
 Two projectile points have lenticular cross sections (Table 5.8).  The average 
blade width is 24.87 mm (sd 1.27) and the average blade thickness is 8.78 mm (sd 0.36).  
The average stem width is 19.95 mm (sd 0.06) and the average stem thickness is 6.11 mm 
(sd 0.23). The blade width to thickness ratio for 79280 is 2.65 and it has a stem width to 
thickness ratio of 3.18.  The unnumbered incomplete point has a blade width to thickness 
ratio of 3.02 and a stem width to thickness ratio of 3.36.  
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Table 5.6 The Cater-Kerr McGee Sample.  
Catalog # 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thick-
ness 
Stem 
Length 
Stem 
Width 
Stem 
Thick-
ness 
Blade 
Length 
79189 Eden chert complete diamond yes 100.56 16.62 6.71 14.67 14.25 4.4 85.89 
79280 Scottsbluff chert complete lenticular yes 81.95 23.97 9.03 17.55 19.91 6.27 64.4 
79205 Eden chert complete diamond yes 76.13 13.94 6.11 17.58 12.13 4.49 58.55 
 
Eden chert complete diamond yes 56.41 18.35 6.22 14.53 15.66 5.55 41.88 
79230 Eden chert 
part of stem and 
blade diamond no 81.97 19.35 7.78 15.37 17.09 5.05 66.6 
 
Eden chert 
part of stem and 
blade diamond yes 69.21 17.75 7.05 11.26 13.88 4.66 57.95 
79242 Eden chert 
part of stem and 
blade diamond no 70.3 21.4 7.64 13.9 18.1 5.88 56.4 
79219 Eden chert 
part of stem and 
blade diamond yes 57.17 17.37 7.54 10.43 14.38 4.33 46.74 
79185 Eden chert 
part of stem and 
blade diamond yes 60.79 18.51 6.76 14.16 15.77 5.48 46.63 
79212 Eden 
Morrison 
quartzite 
part of stem and 
blade diamond yes 59.15 22.41 6.05 13.07 15.1 4.48 46.08 
79271 Eden chalcedony 
part of stem and 
blade diamond no 49.05 17.96 6.83 3.29 15.48 5.3 45.76 
 
Eden chert 
part of stem and 
blade diamond yes 54.99 16.05 6.8 13.5 14.34 5.68 41.49 
 
Scottsbluff chert 
part of stem and 
blade lenticular yes 51.53 25.76 8.52 13.46 19.99 5.94 38.07 
 
Eden chert 
part of stem and 
blade diamond yes 46.79 17.76 6.23 12.09 11.84 4.65 34.7 
79238 Eden chalcedony 
part of stem and 
blade diamond no 33.99 18.46 6.49 3.66 14.23 4.6 30.33 
79248 Eden chert 
part of stem and 
blade diamond yes 38.6 17.73 6.62 13.42 13.85 4.87 25.18 
79218 Eden chert 
part of stem and 
blade diamond yes 79.82 18.54 6.52 0.57 14.69 5.25 79.25 
79204 Eden 
Morrison 
quartzite tip diamond n/a 30.77 15.42 5.51 
   
30.77 
79202 Eden chert tip diamond n/a 27.91 16.92 6.8       27.91 
Note: I was unable to match 5 artifacts with catalog numbers.  These include a complete point and 4 incomplete points. 
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Table 5.7 Descriptive Statistics for diamond shaped points at the Carter/Kerr-McGee 
site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade width 15 8.47 13.94 22.41 18.2 0.52 2 
Blade 
thickness 15 1.73 6.05 7.78 6.76 0.14 0.55 
Stem width 15 6.26 11.84 18.1 14.7 0.42 1.62 
Stem 
thickness 15 1.55 4.33 5.88 4.98 0.13 0.51 
 
Table 5.8. Descriptive statistics for lenticular points at the Carter/Kerr-McGee site.  
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade width 2 1.79 23.97 25.76 24.9 0.9 1.27 
Blade 
thickness 2 0.51 8.52 9.03 8.78 0.26 0.36 
Stem width 2 0.08 19.91 19.99 20 0.04 0.06 
Stem 
thickness 2 0.33 5.94 6.27 6.11 0.17 0.23 
 
Tip Fragments 
 Both of the tip fragments, 79202 and 79204, have diamond-shaped cross sections.  
One of the tips, 79202, was not found in situ, but it assigned to the Alberta-Cody level 
because it has the regular pressure flaking and the distinctive medial ridge consistent with 
Eden projectile points (Reiss et al. 1980:35).  The average blade width is 16.17 mm (sd 
1.06) and the average thickness is 6.16 mm (sd 0.91).  The average ratio of blade width to 
thickness is 2.64 (sd 0.22).  The ratio for 79204 is 2.80 and that for 79202 is 2.49. 
 
The Finley Site Assemblage 
 I examined a total of 18 projectile points and fragments from the Finley site 
(Table 5.9).  This collection is now in the possession of Mark Mullins, of Colorado 
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Springs, Colorado, who purchased this material from Forrest Fenn of Santa Fe New 
Mexico.  I also examined casts of artifacts from the Finley site held at the Department of 
Anthropology University of Wyoming and the Smithsonian Institution; however, I did 
not include data from casts in this analysis.  Although the Finley site was excavated by 
the University of Pennsylvania Museum (Howard 1943; Satterthwaite 1957), I did not 
travel to Philadelphia to examine museum collections there.   
 
Raw Material 
 Various chert sources comprise the majority of the Finley assemblage that I 
examined (n = 17), and it also contains a stem fragment made of quartzite, 12038.  One of 
the chert sources is a dark brown material that Howard (1943:225) described as a flint 
with algal structures around which the silica formed crystals.  My sample contains 5 
projectile points (12022, 12026, 12029, 12035, and 12036) that may have been made 
from this material. 
 
Completeness, Cross Section, and Edge Grinding  
 The Finley sample includes 5 complete and 8 incomplete points, 3 stem 
fragments, and 2 tip fragments.  A total of 13 projectile points have diamond-shaped 
cross sections: Five complete points, 6 of the incomplete points, and the 2 tip fragments.  
Two incomplete points have lenticular cross sections.  Edge grinding was present on 9 
projectile points, all of which had diamond-shaped cross sections. It was absent on 2  
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Table 5.9. The Finley Site Sample 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thick-
ness 
Stem 
Length 
Stem 
Width 
Stem 
Thick-
ness 
Blade 
Length 
12028 Eden chert tip diamond n/a 39.9 17.22 7.57       28.6 
12037 Eden chert tip diamond n/a 28.6 12.88 3.96 
   
44.86 
12026 Eden chert 
remonant of base 
and blade lenticular n/a 48.11 32.09 3.76 3.25 19.76 3.35 35.05 
12032 Eden chert 
base and part of 
blade diamond no 48.92 19.1 7.12 13.87 15.56 6.66 61.11 
12035 Eden chert complete diamond no 80.23 11.7 6.3 19.12 22.47 6.38 34.39 
12024 Scottsbluff chert 
part of stem and 
blade lenticular no 38.02 26.82 5.1 3.63 20.62 4.75 
 
12034 Eden chert base 
 
no 
   
18.38 24.12 6.77 
 
12036 Eden chert base 
 
no 
   
15.24 20.06 4.82 
 
12038 Eden quartzite base 
 
no 
   
18.1 19.54 6.37 64.28 
12022 Eden chert 
base and part of 
blade diamond yes 78.36 18.98 7.26 14.08 16.57 5.69 76.09 
12029 Eden chert complete diamond yes 89.35 18.9 7.42 13.26 16.31 4.95 72.61 
12031 Eden chert complete diamond yes 85.88 21.74 8.01 13.27 16.79 5.55 69.63 
12030 Eden chert complete diamond yes 80.93 19.64 6.46 11.3 15.25 4.68 59.9 
12023 Eden chert complete diamond yes 71.53 20.63 6.77 11.63 15.89 4.67 53.51 
12019 Eden chert 
part of stem and 
blade diamond yes 65.69 16.3 5.9 12.18 14.15 4.14 43.96 
12033 Eden chert 
part of stem and 
blade diamond yes 59.34 17.58 7.17 15.38 16.08 5.66 40.45 
12021 Eden chert 
part of stem and 
blade diamond yes 54.7 16.56 5.97 14.25 15.41 4.58 31.69 
12025 Eden chert 
part of stem and 
blade diamond yes 40.82 16.77 6.5 9.13 13.34 4.42   
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diamond-shaped points and 1 lenticular point.  Edge grinding could not be determined for 
the 3.25 mm long remnant of the base left on 12026, a projectile point blade that has a 
lenticular cross section. 
 
Complete and Incomplete Points with Diamond-Shaped Cross Sections 
 There are 5 complete and 6 incomplete diamond-shaped projectile points (Table 
5.10).  Two of the incomplete points terminate in an impact break that removed the distal 
portion of the blade, while 4 points have complete blades but a portion of base is absent.  
The average blade width for diamond-shaped cross sections is 17.99 mm (sd 2.07).  The 
minimum blade width of 11.70 mm, recorded on a restemmed tip cataloged as 12035, and 
the maximum blade width of 21.74 mm, recorded on 12031, are both greater than one 
standard deviation from the mean.  The average blade thickness is 6.81 mm (sd 0.65) 
indicating that most points are tightly clustered around the mean.  The average blade 
width to thickness ratio is 2.64 (sd 0.32); the minimum is 1.85 on 12035, and the 
maximum is 3.05 on 12023.  The average stem width is 16.17 mm (sd 2.33).  The stem 
width measurements follow the same pattern observed for blade width measurements 
where the minimum and maximum values are greater than one standard deviation from 
the mean.  The minimum stem with of 13.34 mm is recorded on a broken projectile point 
with an impact fracture on the stem, 12025.  The maximum stem width of 22.47 mm was 
recorded on a restemmed tip 12035.  The average stem thickness is 5.22 mm (sd 0.83).  
The average stem width to thickness ratio is 3.13 (sd 0.35); the minimum is 2.84 on 
12033 and the maximum is 3.42 on 12019. 
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Table 5.10. Descriptive statistics for diamond-shaped points at the Finley site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade width 11 10.04 11.7 21.74 17.99 0.81 2.7 
Blade 
thickness 11 2.11 5.9 8.01 6.81 0.2 0.65 
Stem width 11 9.13 13.34 22.47 16.17 0.7 2.33 
Stem thickness 11 2.52 4.14 6.66 5.22 0.25 0.83 
 
Complete and Incomplete Points with Lenticular Cross Sections 
 The lenticular sample from the Finley site consists of 2 incomplete points, 12034 
and 12026. Both points broke within or immediately distal to the hafting element, and the 
stem length is 3.63 mm on 12024 and 3.25 mm on 12026.  The average blade width is 
29.46 mm (sd 3.73) and the average blade thickness is 4.43 mm (sd 0.95).  The average 
blade width to thickness ratio is 6.9 (sd 2.32); the minimum is 5.26 on 12024 and the 
maximum is 8.53 on 12026.  The average stem width is 20.19 mm (sd 0.61) and the 
average stem thickness is 4.05 mm (sd 0.99).  The average stem width to thickness ratio 
is 5.12 (sd 1.1); the minimum is 4.34 on 12024 and the maximum is 5.90 on 12026.    
 
Table 5.11. Descriptive statistics for lenticular points at the Finley site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade width 2 5.27 26.82 32.09 29.46 2.64 3.73 
Blade thickness 2 1.34 3.76 5.1 4.43 0.67 0.95 
Stem width 2 0.86 19.76 20.62 20.19 0.43 0.61 
Stem thickness 2 1.4 3.35 4.75 4.05 0.7 0.99 
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Stem Fragments 
 The Finley sample includes 3 stem fragments, all lacking ground edges.  Two, 
12034 and 12036, are made of chert, and the third, 12038, is made of quartzite.  The 
average width is 21.24 mm (sd 2.51) and the average thickness is 5.99 mm (sd 1.03).  The 
average width to thickness ratio is 3.6 (sd 0.55); the minimum is 3.07 on 12038, and the 
maximum is 4.16 on 12036. 
 
Tip Fragments  
 Both of the tips, 12028 and 12037, are made of chert and have diamond-shaped 
cross sections.  The average blade width is 15.05 mm (sd 3.07) and the average thickness 
is 5.77 mm (sd 2.55).  The average blade width to thickness ratio is 2.76 (sd 0.69); the 
minimum is 2.74 on 12028, and the maximum is 3.25 on 12037. 
 
The Hell Gap Site Assemblage 
 This analysis includes one Alberta and two Cody Complex components recovered 
from the Hell Gap site.  The projectile points are now curated at the Department of 
Anthropology, University of Wyoming.  The 33 projectile points included in this analysis 
are from the Alberta level of Locality I (n = 3), the Cody level of Locality I (n = 9), and 
the Cody level at Locality V (n = 21).  My analysis is also supplemented by information 
from recent studies of the Alberta and Cody components at the Hell Gap site (Bradley 
2009; Knell 2007; Knell et al. 2009; Muñiz 2005).  Since Irwin-Williams et al. (1973) 
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found both Eden and Scottsbluff points at Locality I and V, they described these localities 
as belonging to the Cody Complex; however, recent reports use the term Eden/Scottsbluff 
to describe these levels (Knell 2007, 2009; Knell et al. 2009; Kornfeld and Larson 2009; 
Muñiz 2005).  Alternatively, Bradley (2009:270) argues that all of the Cody Complex 
projectile points at Hell Gap belong to the Eden type.  He noted that 5 projectile points 
that he considered to have original cross sections have width to thickness ratios of 2.9 to 
3.4.  These numbers are similar to the average blade width to thickness ratio of 2.86 (sd 
0.42) that I calculated for all projectile points with diamond-shaped cross sections in my 
analysis.  I will present the blade width to thickness ratio data more fully in chapter 6. 
 
The Alberta Level at Locality I 
 The Alberta component is restricted to the northwest portion of Locality I,  and it 
consists of a single living surface with limited vertical distribution of artifacts (Irwin-
Williams et al. 1973).  The Alberta sample includes 3 projectile points (UWI-78, UWI-
376, and UWI-389).  See Table 5.12. 
 
Raw Material 
 All three Alberta projectile points are made of local raw materials including 
Hartville Uplift chert, and Morrison/Cloverly formation quartzite (Bradley 2009: Table 
K.1). 
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Table 5.12. Alberta points from Hell Gap Locality I. 
Catalog 
# 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thick-
ness 
Stem 
Length 
Stem 
Width 
Stem 
Thick-
ness 
Blade 
Length 
UWI-
376 quartzite 
base/blade 
fragment 
 
no 52.19 42.32 6.48 22.08 31.74 6.5 30.11 
UWI-
389 chert complete lenticular yes 52.58 28.35 9.66 18.31 22.01 7.18 34.27 
UWI-78 Quartzite 
stem/blade 
fragment lenticular yes 44.43 25.48 8.57 19.2 20.58 6.4 25.23 
 
 
Table 5.13 descriptive statistics for Alberta points at Hell Gap Locality I. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade width 3 16.84 25.48 42.32 32.05 5.2 9.01 
Blade thickness 3 3.18 6.48 9.66 8.24 0.93 1.62 
Stem width 3 11.16 20.58 31.74 24.78 3.51 6.07 
Stem thickness 3 0.78 6.4 7.18 6.69 0.25 0.42 
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Completeness, Cross Section, And Edge Grinding 
 All three of the Alberta projectile points are lenticular in cross section (Table 
5.12).  One point, UWI-389, is complete while the remaining two, UWI-78 and UWI-
376, are incomplete with impact breaks that removed both tips.    Bradley (2009: Table 
K-1) classifies the incomplete points as basal fragments.  Edge grinding is present on 2 
points, UWI-78 and UWI-389), and it is absent on UWI-376. 
 Muñiz (2005) and Knell (2007) have observed use wear on both of the incomplete 
points.  The blade of UWI-78 has perpendicular striations caused by impact with bone, 
and it also has wear on the stem from hafting (Muñiz 2005:334).  Knell (2007:178) 
reported that UWI-376 has a polished v-shaped groove oriented horizontally along one of 
the flake scars.  V-shaped grooves on quartzite resulted from maintenance activities such 
as sharpening bone awls or needles, and grinding the edges of stone tools (Adams 
2002:82).  Thus, Knell (2007:178) concluded that UWI-376 was recycled into a 
manufacturing aid for the production of other tools. 
 Since the sample size of three projectile points is small, descriptive statistics are 
skewed by the large values of blade width and stem width recorded on UWI-376.  See 
Table 5.13.  The blade width for UWI-376 of 42 mm is greater than 1 standard deviation 
from the mean blade width of 32 mm, (sd = 9.0).  The other Alberta projectile points are 
within one standard deviation of that mean (UWI-389 is 28 mm and UWI-78 is 25 mm).  
Measurements for stem width show the same pattern because UWI-376, at 31.74 mm, is 
greater than 1 standard deviation from the mean of 24.78 mm (sd 6.07).  The stem width 
is 22.01 mm on UWI-389 and 20.58 mm on UWI-78. 
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 Thickness measurements are more tightly clustered about the mean.  The average 
blade thickness is 8.24 mm (sd 1.62), and the average stem thickness is 6.69 mm (sd 
0.42).  The average blade width to thickness ratio is 4.15 (sd 2.07); the minimum is 2.93 
on UWI-389, and the maximum is 6.53 on UWI-376.  The average stem width to 
thickness ratio is 3.72 (sd 1.01); the minimum is 3.21 on UWI-78, and the maximum is 
4.88 on UWI-376.   
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Table 5.14. Eden and Scottsbluff points from Hell Gap Locality I. 
Catalog 
# 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thick-
ness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
UWI-43 indeterminant jasper base   yes       14.78 16.58 5.56   
UWI-46 indeterminant chert base 
 
yes 
   
14.6 20.04 5.26 
 UWI-
378 Eden chalcedony 
base/blade 
fragment diamond yes 57.8 23.13 7.77 16.23 21.87 6.87 41.57 
UWI-
375 Eden chert 
base/blade 
fragment diamond yes 29.79 19.79 7.1 15.79 18.46 5.87 14 
UWI-
377 Scottsbluff chalcedony 
base/blade 
fragment lenticular no 36.49 17.74 5.09 12.22 16.05 3.55 24.27 
UWI-
373 Scottsbluff chert 
base/blade 
fragment lenticular yes 44.04 22.27 8.9 19.79 22.78 8.37 24.25 
UWI-33 Scottsbluff chert 
base/blade 
fragment lenticular yes 18.29 15.13 5.16 14.9 15.85 4.8 3.39 
UWI-62 Scottsbluff jasper 
base/blade 
fragment lenticular yes 35.54 21.84 7.14 12.31 18.98 5.5 23.23 
UWII-
525 indeterminant chert Midsection lenticular n/a 26.86 25.32 5.24       26.86 
 
Table 5.15. Descriptive statistics for diamond-shaped points from Hell Gap Locality I. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade width 2 3.34 19.79 23.13 21.5 1.67 2.36 
Blade 
thickness 2 0.67 7.1 7.77 7.44 0.34 0.47 
Stem width 2 3.41 18.46 21.87 20.2 1.71 2.41 
Stem 
thickness 2 1 5.87 6.87 6.37 0.5 0.71 
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The Cody Level at Locality I 
The Cody Complex component occurs immediately above the Alberta level in the 
northern portion of Locality I (Irwin-Williams et al. 1973).  I examined a total of nine 
projectile points and fragments from the Cody component of Locality I (Table 5.14).  The 
assemblage includes 2 Eden and 4 Scottsbluff points (Knell 2007:189).  The two Eden 
points are UWI-378 and UWI-375.  The four Scottsbluff points are UWI-33, UWI-62, 
UWI-373, and UWI-377.  Use-wear analysis by Muñiz (2005:343) indicates that UWI-
377 has wear on the blade from an impact with a hard material such as bone.  The stem 
fragment UWI-46 has use-wear that is diagnostic of hafting (Muñiz 2005:343). 
Raw Material 
 Bradley (2009: Table K-1) recorded the raw material of the Cody Locality I 
projectile points as chert (n = 5), chalcedony (n = 2), and jasper (n = 2).  Muñiz (2005-
216) reported that only one of the nine projectile points is made from the local Hartville 
Uplift chert.  He assigned the remaining points to Flattop chert (n = 2), an unidentified 
chert (n = 5), and porcellanite (n = 1). Knell (2007:181) categorized five projectile points 
as Mississippian chert, and one point as Miocene chert.  Both of these materials occur 
within the Hartville uplift and are commonly known as Hartville chert (Miller 2009:412). 
 
Completeness, Cross Section, And Edge Grinding 
  The Hell Gap I Cody sample includes 6 incomplete projectile points that Bradley 
(2009: Table K-1) classifies as basal fragments because all of them have impact fractures 
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that removed the distal portion of the blade.  The sample also includes 1 midsection, 
UWI-525, and 2 stem fragments, UWI-43, and UWI-46.  Two of the incomplete points 
are diamond-shaped and four have lenticular cross sections.  Ground edges are present on 
both of the diamond-shaped and 3 of the lenticular points.  UWI-377 lacks ground edges 
and has a lenticular cross section.  Both stem fragments have ground edges. 
 The average blade width for diamond-shaped points is 21.46 mm (sd 2.36), and 
the average blade thickness is 7.44 mm (sd 0.47).  The average blade width to thickness 
ratio is 2.88 (sd 0.13); the minimum is 2.79 on UWI-375, and the maximum is 2.98 on 
UWI-378.  The average stem width is 20.17 mm (sd 2.41), and the average stem  
Table 5.16. Descriptive Statistics for Lenticular Points at Hell Gap Locality I 
 
N Range Minimum Maximum Mean 
Std. 
Deviation 
Blade width 4 7.14 15.13 22.27 19.3 1.7 3.42 
Blade 
thickness 4 3.81 5.09 8.9 6.57 0.9 1.82 
Stem width 4 6.93 15.85 22.78 18.4 1.6 3.24 
Stem 
thickness 4 4.82 3.55 8.37 5.56 1 2.04 
 
thickness is 6.37 mm (sd 0.71).  The average stem width to thickness ratio is 1.24 (sd 
0.10); the minimum value is 1.17 on UWI-375, and the maximum is 1.35 on UWI-378. 
 The average blade width for lenticular points is 19.25 mm (sd 3.42), and the 
average thickness is 6.57 mm (sd 1.82).  The average blade width to thickness ratio is 
2.99 (sd 0.4); the minimum is 2.50 on UWI-373, and the maximum is  3.48 on UWI-377.  
The average stem width is 18.42 mm (sd 3.24) and the average stem thickness is 5.56 mm 
(sd 2.04).  The average stem width to thickness ratio is 1.27 (sd 0.21); the minimum is 
1.06 on UWI-33, and the maximum is 1.54 on UWI-62.  
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Stem and Midsection Fragments 
 Two stem fragments have an average width of 18.31 mm (sd 2.45) and thickness 
of 5.41 mm (sd 0.21).  The average width to thickness ratio is 3.4 (sd 0.59); the minimum 
is 2.98 on UWI-43 and the maximum is 3.8 on UWI-46.  The lenticular midsection, 
UWI-525, is 25.32 mm wide and 5.24 mm.  It has a width to thickness ratio of 4.83 at the 
proximal end of the fragment nearest to the missing shoulders. 
 
The Cody Level at Locality V 
 The Locality V Cody Complex component is a denser artifact concentration than 
that recorded at Locality I (Irwin-Williams et al. 1973:45).  I examined a total of 21 
projectile points and fragments from Locality V.  The sample includes a high proportion 
of fragments (n = 13), including 7 stems, 1 midsection, and 5 tips.  Two are complete 
points with evidence of resharpening, while 6 are incomplete points with impact fractures 
either on the blade, or transverse breaks on the stem within or immediately distal to the 
haft. These facts support Knell’s (2007:217), interpretation of Locality V as a camp site 
where tool discard occurred prior to the manufacture of new projectile points. 
 Several of the Locality V projectile points have recently been subjected to use-
wear analysis (Muñiz 2005:354-357).  Use-wear occurs on the blades of four projectile 
points (UWV-122, UWV-132, UWV-147, and UWV-169) that indicates contact with a 
hard material such as bone.  Two of these points (UWV-132 and UWV-169) also have 
haft-wear on their stems. A stem fragment, (UWV-141) also has haft-wear.  One 
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incomplete point with a lenticular cross section, WV-148, has polish produced by bone or 
antler on the center of the blade. 
 
Raw material 
 Raw material identifications for specific artifacts are taken from Bradley (2009: 
Table K-1).  The raw material frequencies used in my analysis are chert (n = 13), jasper 
(n = 5), quartzite (n = 2), and White River Silicates from Flattop Butte (n = 1).  Local raw 
material sources comprised 99.7% of the entire lithic assemblage from the Locality V  
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Table 5.17.  Eden and Scottsbluff points found at Hell Gap V. 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thick-ness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
UWIII-138   chert base   yes       8.48 13.33 2.52   
UWIII-139 
 
chert base 
 
yes 
   
17.83 16.65 5.18 
 
UWIII-140 
 
chert base 
 
yes 
   
12 12.82 3.95 
 
UWIII-141 
 
chert base 
 
yes 
   
17.39 19.78 4.96 
 
UWIII-143 
 
chert base 
 
no 
   
9.7 10.27 3.16 
 
UWIII-144 
 
quartzite base 
 
no 
   
12.24 15.41 3.81 
 
UWIII-251 
 
flat top chert base 
 
yes 
   
9.23 17.41 4.15 
 
UWIII-169 Eden quartzite 
base/blade 
fragment diamond no 59.13 17.89 6.71 19.21 21.26 5.92 39.92 
UWIII-145 Eden quartzite 
base/blade 
fragment diamond no 51.76 19 6.74 15.1 18.25 6.57 36.66 
UWIII-147 Eden quartzite 
base/blade 
fragment diamond no 51.71 19.42 7.02 16.72 21.39 4.93 34.99 
UWIII-122 Eden quartzite complete diamond yes 48.2 14.52 6.22 14.06 13.67 4.38 34.14 
UWIII-142 Eden chert midsection diamond n/a 24.91 13.9 3.84 
   
24.91 
UWIII-130 Eden chert tip diamond n/a 31.16 13.79 4.45 
   
31.16 
UWIII-146 Eden chert tip diamond n/a 30.79 13.43 5.67 
   
30.79 
UWIII-136 Eden chert tip diamond n/a 22.03 14.29 4.83 
   
22.03 
UWIII-137 Eden chert tip diamond n/a 20.2 18.76 6.83 
   
20.2 
UWIII-135 Scottsbluff quartzite 
stem/blade 
fragment lenticular no 19.77 11.42 4.95 9.51 14.7 4.28 10.26 
UWIII-148 Scottsbluff chert 
base/blade 
fragment lenticular yes 35.74 20.07 6.68 14.76 20.68 5.98 20.98 
UWIII-252 Scottsbluff quartzite 
base/blade 
fragment lenticular yes 19.52 18.58 5.12 11.33 18.11 4.13 8.19 
UWIII-132 Scottsbluff chert complete lenticular yes 50.49 22.67 6.45 14.47 22.5 5.27 36.02 
UWIII-173 Scottsbluff chert tip lenticular n/a 39 18.4 3.52       39 
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Cody component (Knell 2007:199), and this pattern is consistent for the projectile points.  
Muñiz (2005:212) identified projectile points made of Hartville Uplift chert (n = 17). 
 
Completeness, Cross Section, And Edge Grinding 
 The sample includes 2 complete and 6 incomplete points, 7 stem fragments, 1 
midsection, and 5 tip fragments.  Although Knell (2007:217, Figure 5.24u) reported a 
single complete projectile point, my analysis showed that 2 of the 21 projectile points, 
(UWIII-122 and UWIII-132) are complete.  There are 9 projectile points and fragments 
with diamond-shaped cross sections and 5 that are lenticular.  Knell (2007:217) reported 
that grinding occurred on 14 projectile points including all 7 of the stem fragments, but 
my analysis indicates that edge grinding is present on only 9 artifacts, including both 
complete points, 2 incomplete points, and 5 stem fragments.  The incomplete points with 
ground edges are (UWIII-148, and UWIII-252).  The 5 stem fragments with ground 
edges are UWIII-138, UWIII-139, UWIII-140, UWIII-141, and UWIII-251.  The 4 
projectile points with ground stems include 1 with a diamond-shaped cross section 
(UWIII-122), and 3 that are lenticular (UWIII-132, UWIII-148 and UWIII-252).  
 
 Complete and Incomplete Points with Diamond Cross Sections 
 The sample of diamond-shaped points includes 1 complete point, UWIII-122, and 
3 incomplete points (UWIII-145, UWIII-147, and UWIII-169).  The average blade width 
is 17.71 mm (sd 2.22) and the average blade thickness is 6.67 mm (sd 0.33).  The average 
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blade to thickness ratio is2.65 (sd 0.22); the minimum is 2.33 on UWIII-122, and the 
maximum is 2.82 on UWIII-145.  The average stem width is 18.64 mm (sd 3.62) and the 
average stem thickness is 5.45 mm (sd 0.92).  The average stem width to thickness ratio 
is 3.46 (sd 0.68); the minimum is 2.78 on UWIII-145 and the maximum is 4.34 on 
UWIII-147. 
 
Table 5.18. Descriptive statistics for diamond-shaped points at Hell Gap V. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 4 4.9 14.52 19.42 17.7 1.11 2.22 
Blade 
Thickness 4 0.8 6.22 7.02 6.67 0.17 0.33 
Stem Width 4 7.72 13.67 21.39 18.6 1.81 3.62 
Stem 
Thickness 4 2.19 4.38 6.57 5.45 0.49 0.98 
 
Table 5.19. Descriptive statistics for lenticular points found at Hell Gap V. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 4 11.25 11.42 22.67 18.2 2.41 4.82 
Blade 
Thickness 4 1.73 4.95 6.68 5.8 0.45 0.89 
Stem Width 4 7.8 14.7 22.5 19 1.69 3.38 
Stem 
Thickness 4 1.85 4.13 5.98 4.92 0.44 0.87 
 
 
Complete and Incomplete Points with Lenticular Cross Sections 
 The lenticular sample includes a complete point, UWIII-132, and 3 incomplete 
points, UWIII-135 UWIII-148 and UWIII-252.  The average blade width is 18.19 mm (sd 
4.82) and the average blade thickness is 5.8 mm (sd 0.89).  The average blade with to  
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thickness ratio is 3.11 (sd 0.60); the minimum is 2.31 on UWIII-135 and the maximum is 
3.63 on UWIII-252.  The average stem width is 19.00 mm (sd 3.38) and the average stem 
thickness is 4.92 mm (sd 0.87).  The average stem width to thickness ratio is 3.89 (sd 
0.51); the minimum is 3.43 on UWIII-135, and the maximum is 4.38 on UWIII-252. 
 
Table 5.20. Descriptive statistics for stem fragments at Hell Gap V. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Stem Width 7 9.51 10.27 19.78 15.1 1.21 3.2 
Stem 
Thickness 7 2.66 2.52 5.18 3.96 0.35 0.94 
 
 
There are 7 stem fragments in the Locality V sample.  The average stem width of these 
fragments is 15.1 mm (sd 3.38), and the average thickness is 3.96 mm (sd 0.75).  The 
average width to thickness ratio is 3.89 (sd 0.75; the minimum is 3.25 on UWIII-143, and 
the maximum is 5.29 on UWIII-138.   
 
Tip Fragments 
 There are 5 tip fragments and 1 midsection fragment.  The midsection, UWIII-
142, is a light brown chert with a diamond-shaped cross section; it is 13.9 mm wide and 
3.84 mm thick and has a width to thickness ratio of 3.62. Four of the five tips have 
diamond-shaped cross-sections; the average width is 15.07 mm (sd 2.49) and the average 
thickness is 5.44 mm (sd 1.05).  The average width to thickness ratio is 2.79 (sd 0.32); the 
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minimum is 2.37 on UWIII-146, and the maximum is 3.10 on UWIII-130.  The fifth tip, 
UWIII-173, is made of a red chert and has a lenticular cross section; it is 18.4 mm wide, 
3.52 mm thick and has a width to thickness ratio of 5.23. 
 
Discussion of Assemblages from both Localities at Hell Gap 
 The projectile point assemblages from the Alberta and both Cody components at 
Hell Gap have few or no complete points when compared to the number of incomplete 
points and fragments.  The Alberta assemblage contains 1 complete and 2 incomplete 
points, while the Cody level at Locality I has 6 incomplete points and 1 midsection and 2 
stem fragments.   The Cody assemblage at Locality V consists of 2 complete and 6 
incomplete points, 7 stem, 1 midsection, and 5 tip fragments.  The high frequency of 
broken projectile points and fragments recovered at Hell Gap provides evidence that the 
Alberta and Cody Complex components are residential camps.  The projectile point 
assemblages at each component resulted from activities such as the discard of broken 
artifacts and manufacture of new projectile points for use off-site (Knell 2007:183-184, 
200). 
 In most cases, the metric dimensions of the Locality I and V assemblages are 
similar (Table 5.21).  Blade width of diamond-shaped points is the only variable for 
which the mean of Locality I assemblage, 21.46 (sd 2.36), is greater than 1 standard 
deviation from the mean for the Locality V assemblage, 17.71 (sd 2.22).  All other means 
for diamond-shaped, and lenticular samples are similar (Table 5.21). 
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 In Chapter 3, I explained that Bradley (2009:268-270) classified the projectile 
points from Hell Gap as Eden points because he does not think that any of the projectile 
points have the lenticular cross section characteristic of the Scottsbluff type.  My analysis 
indicates that both lenticular and diamond-shaped projectile points are present at Hell 
Gap.  The fact that Bradley (2009:270) does not classify projectile points as having 
lenticular cross section suggests that the division between diamond-shaped and lenticular 
cross sections is somewhat subjective.  This is not surprising because Wormington 
(1957:136) noted that Eden and Scottsbluff points form a continuum of variation, and it is 
equally possible for some of that variability to fall towards the middle rather than the 
ends of that continuum. 
 
Table 5.21: Comparison of mean projectile point measurements from 
Hell Gap Localities I and V. 
Cross Section Locality n Variables Mean 
D
ia
m
on
d 
I 2 blade width 21.46 
 
2 blade thickness 7.44 
 
2 stem width 20.17 
  2 stem thickness 6.37 
V 4 blade width 17.71 
 
4 blade thickness 6.67 
 
4 stem width 18.64 
  4 stem thickness 5.45 
L
en
tic
ul
ar
 
I 4 blade width 19.25 
 
4 blade thickness 6.57 
 
4 stem width 18.42 
  4 stem thickness 5.56 
V 4 blade width 18.19 
 
4 blade thickness 5.8 
 
4 stem width 19 
  4 stem thickness 4.92 
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The Horner Site Assemblage 
 I examined a total of 120 projectile points and fragments from the Horner Site.  
The Horner assemblage is the largest site assemblage in my dataset (Table 5.2), but it is 
divided into two spatially and temporally discrete components, Horner I and II.  Bradley 
and Frison (1987:200) reported that 83 projectile points were found in situ (56 from the 
Princeton-Smithsonian excavations from 1949-1952, 6 collected by Robert Edgar of 
Cody, Wyoming, and 21 from the University of Wyoming excavations in 1977).  
Combining projectile points found in situ and those from surface collections, my analysis 
includes 97 artifacts from Horner I and 23 from Horner II.  Generally, the catalog 
numbers indicate whether the artifact was recovered by the 1949-1952 Princeton-
Smithsonian excavations (numbers begin with 51) or from the 1977-1978 University of 
Wyoming excavations (numbers begin with 77).  In a few instances, I only have the field 
numbers for the points from Horner I, and these are designated with the letter H followed 
by a dash and a 2-digit number (Frison and Todd 1987).  I examined the Horner I points 
curated by the Smithsonian Institution, and the Horner II points at the Department of 
Anthropology, University of Wyoming. 
 
The Horner I Assemblage 
 My sample from the Horner I assemblage (n = 97) includes 62 projectile points 
from “reliable” contexts (Bradley and Frison 1987:207). The remaining 35 projectile 
points were recovered from surface collections made near the Princeton-Smithsonian 
excavations.  This is not surprising because Horner I is visible at the modern ground 
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surface and the deposit ranges from 5 to 10 cm in thickness (Todd et al. 1987:50). A great 
deal of morphological variability is present within the Horner I assemblage, including 
points identified as belonging to the Eden and Scottsbluff types, and the Alberta/Cody I 
and II types (Bradley and Frison 1987:207).  The analyses presented in this chapter were 
conducted on groups of diamond-shaped or lenticular projectile points regardless of 
previous typological assignment.  In Chapter 6, I will present analyses of the 
relationships between the Alberta/Cody I and II types and the Eden and Scottsbluff points 
at Horner and at other Alberta and Cody Complex sites. 
 Bradley and Frison (1987:207) designated 19 projectile points as Alberta/Cody I; 
of these, 9 are complete, 4 are reworked, and 2 are reworked into knives.  The remaining 
4 are fragmentary, 3 lack much of the stem, and 1 lacks most of the tip.  The Horner I 
assemblage also includes 3 projectile points made of porcellanite that Bradley and Frison 
identified as Alberta/Cody II.  One of the Alberta/Cody II points, 51689, is complete. The 
others are tip fragments; 51663 was reworked by adding a new base, and 516675 was not 
re-stemmed (Bradley and Frison 1987:207).   
 Bradley and Frison classified the remaining projectile points from Horner I as 
Scottsbluff (n = 12), Eden (n = 16), or intermediate forms such as reworked projectile 
points (n = 6).  The 12 Scottsbluff points include 9 complete points, 1 incomplete point, 
and 2 midsections  (Bradley and Frison 1987:207-208).  Only 1 of the Eden points is 
complete, 1 is incomplete, and 7 are complete but reworked. The Eden fragments include 
2 stems, 1 midsection, and 4 tips (Bradley and Frison 1987:212).  The reworked Eden 
points provide an example of repairing broken projectile points and recycling the 
available fragments into usable projectile points (Bradley and Frison 1987:213-217).  
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Two reworked Eden points were produced by the creation of a new stem on the proximal 
end of tip fragments.  Two other Eden points were reworked by adding a new tip after an 
impact removed the distal portion of the blade. 
Horner I is divided into two geographic loci, the northern and southern areas.  Todd et al. 
(1987:89, Figure 3.38) designated the northern area as a camp site because it contained 
hearth areas and clusters of stone tools and bison bone fragments. They interpreted the 
southern area as a bison kill because it contained a bone bed with associated projectile 
points and scrapers.  The frequencies of projectile point types differ between the two 
areas of Horner I because the majority of points in the camp site belong to the Eden type 
while most points found in the bone bed were assigned to the Scottsbluff and 
Alberta/Cody types (Bradley and Frison 1987: Figures 6.19 and 6.20).  I determined 
frequencies for each projectile point type separated by area using Bradley and Frison’s 
(1987) Figures 6.19 and 6.20.  The figures show 53 of the 56 points found in situ by the 
Princeton-Smithsonian excavations (Bradley and Frison 1987:200). 
 There are 21 points shown in the campsite.  They include Eden (n = 8) Scottsbluff 
(n = 3) A/C I (n = 1) A/C II (n = 1) generalized Cody (n = 2) and not typed (n = 6).  
Although Bradley and Frison assign 516798 to the Eden type, I think it has a lenticular 
cross section.  I have no data for 516768, a projectile point made of Phosphoria chert 
(Frison 1987:545).  The northern area sample (n = 20) includes 10 complete and 3 
incomplete points, 1 stem, 2 midsection, and 4 tip fragments. My analysis agrees with 
Bradley and Frison because diamond shaped points comprise the majority (n = 13) of the 
sample and lenticular points are in the minority (n = 6). 
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Table 5.22. The Horner I sample. 
Catalog 
# 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
86 
  
base 
 
yes 
   
15.58 17.56 4.65 
 77147 A/C I volcanic chert base 
 
yes 
   
14.69 16.12 3.94 
 77162 A/C I Phosphoria chert base 
 
yes 
   
20.83 15.61 5.31 
 516623 
  
base 
 
yes 
   
15.62 13.47 4.69 
 516655 
 
chert base 
 
yes 
   
8.64 15.04 4.6 
 516734 
 
chert base 
 
yes 
   
13.54 18.84 4.4 
 516739 
  
base 
 
yes 
   
9.78 15.85 4.75 
 516765 
 
Hartville chert base 
 
yes 
   
14.7 15.19 3.36 
 516769 
 
porcellanite base 
 
yes 
   
11.79 17.54 4.65 
 516781 
 
Phosphoria chert base 
 
yes 
   
12.91 17.89 4 
 516784 E/SB? porcellanite base 
 
yes 
   
19.8 20.1 6.41 
 
516787 
 
unidentified 
quartzite base 
 
yes 
   
12.39 14.78 5.05 
 516799 
 
Hartville chert base 
 
yes 
   
11.81 16.36 2.93 
 516833 
  
base 
 
yes 
   
20.31 15.31 4.3 
 516836 
  
base 
 
yes 
   
15.46 17.4 5.34 
 77180 
 
volcanic chert base 
 
no 
   
28.71 15.22 
  516709 A/C I porcellanite base & blade lenticular yes 69.88 20.87 7.05 18.4 17.64 6.15 51.48 
516834 
 
chert base & blade diamond no 57.04 19.91 6.96 14 16.32 5.51 43.04 
516642 A/C I Phosphoria chert base & blade lenticular yes 50.04 23.03 4.23 12.42 15.43 4.79 37.62 
516632 
 
chert base & blade lenticular yes 47.04 17.23 4.92 12.72 17.21 5.08 34.32 
516745 Scottsbluff Morrison quartzite base & blade lenticular yes 43.07 21.76 6.33 11.18 16.13 5.04 31.89 
516669 
 
volcanic opal 
base/blade 
fragment lenticular yes 45.23 22.25 7.65 11.4 16.74 7.17 33.83 
516698 A/C I Morrison chert 
base/blade 
fragment lenticular yes 52.48 22.47 6.78 19 18.62 5.69 33.48 
516794   unidentified chert 
base/blade 
fragment lenticular yes 38.72 19.45 6.51 14.25 18.87 5.61 24.47 
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Table 5.22. The Horner I sample (continued). 
Catalog 
# 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
77097 A/C I silicified wood 
base/blade 
fragment lenticular yes 33.28 19.05 5.63 13.75 17.17 4.65 19.53 
516644 A/C I porcellanite 
base/blade 
fragment lenticular yes 32.36 25.64 7.7 17.41 20.34 6.19 14.95 
516677 Eden phosphoria chert 
base/blade 
fragment diamond yes 28.96 18.47 6.32 15.32 17.41 5.56 13.64 
510737 
  
base/blade 
fragment diamond yes 28.08 20.18 5.29 16.55 17.86 4.74 11.53 
516824 Eden porcellanite 
blade/basal 
fragment diamond n/a 94.77 18.74 7.96 
   
94.77 
516645 Scottsbluff Madison chert complete diamond yes 147.93 28.36 6.28 15.36 23.9 6.1 132.57 
77062 Scottsbluff chert complete lenticular yes 147.83 29.01 7.34 18 24.22 6.44 129.83 
77069 Eden Phosphoria chert complete diamond no 123.79 19.85 8.04 17.29 19.32 7.21 106.5 
516689 A/C II porcellanite complete diamond yes 118.44 19.366 6.7 13.35 17.61 6.644 105.09 
77071 Scottsbluff chert complete lenticular yes 102.38 22.15 6.51 13.15 18.6 4.99 89.23 
516685 Scottsbluff Knife River flint complete diamond yes 101.97 23.52 7.26 17.7 18.01 5.91 84.27 
164 Eden chert complete diamond yes 91.01 20.12 7.47 13.12 18.41 6.97 77.89 
516778 Eden Phosphoria chert complete diamond yes 90.13 19.91 7.74 12.46 18.08 7.38 77.67 
77184 A/C I porcellanite complete diamond yes 84.93 24.7 8.67 16.1 20.29 7.45 68.83 
77187 A/C II Morrison chert complete diamond no 85.72 19.53 6.38 17.53 18.35 4.63 68.19 
77101 A/C I 
Morrison 
quartzite complete lenticular yes 79.93 23.89 7.32 17.14 18.03 5.56 62.79 
516763 A/C II porcellanite complete diamond yes 74.63 19.71 6.67 14.07 16.82 5.88 60.56 
516640 A/C I 
Morrison 
quartzite complete lenticular no 76.82 20.76 6.54 16.52 16.29 4.68 60.3 
516660 Scottsbluff Phosphoria chert complete lenticular yes 73.06 21.83 6.92 13.7 18.45 6.19 59.36 
77156 A/C I porcellanite complete lenticular yes 74.45 26.2 7.19 17.18 19.04 5.49 57.27 
77102 A/C I Phosphoria chert complete diamond yes 71.08 21.87 7.04 14.7 18.59 4.92 56.38 
516647 A/C I 
Morrison 
quartzite complete diamond yes 70.3 23.75 7.04 13.96 17.54 5.69 56.34 
58 Scottsbluff Hartville chert complete lenticular no 66.43 31.85 5.11 11.03 19.81 4.69 55.4 
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Table 5.22. The Horner I sample (continued). 
Catalog 
# 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
516775 A/C I porcellanite complete diamond yes 74.12 21.21 7.01 18.74 16.26 6.04 55.38 
516674 
 
chert complete lenticular yes 66.16 31.1 4.93 12.74 19.61 4.36 53.42 
77107 
 
Phosphoria chert complete diamond yes 69.36 21.6 6.7 16.77 20.53 4.92 52.59 
516701 A/C I chert complete diamond yes 67.58 19.88 7.17 15.29 17.7 6.23 52.29 
516652 A/C I 
morrison 
quartzite complete diamond yes 67.08 22.93 7.21 18.85 18.75 6.19 48.23 
516724 Scottsbluff Phosphoria chert complete diamond no 61.58 21.03 6.34 13.55 16.6 4.94 48.03 
516835 
  
complete lenticular yes 64.43 22.76 5.74 17.11 18.32 5.62 47.32 
516684 A/C I Phosphoria chert complete lenticular yes 64.31 27.56 6.29 17.96 17.94 5.66 46.35 
516723 A/C I porcellanite complete lenticular yes 62.63 23.76 6.69 17.25 17.27 5.25 45.38 
516825 Cody? unidentified chert complete lenticular no 55.15 19.63 5 13.14 16.61 5.25 42.01 
516618 Scottsbluff Morrison chert complete lenticular yes 57.82 22.27 5.99 17.31 19.56 5.13 40.51 
516648 A/C I Phosphoria chert complete diamond yes 50.49 20.38 6.62 14.12 17.03 5.9 36.37 
516789 Eden Phosphoria chert complete diamond no 52.24 20.29 7.12 16.19 18.79 6.74 36.05 
516811 Scottsbluff unidentified chert complete lenticular no 50.39 25.99 3.96 14.59 26.11 4.26 35.8 
516744 
 
chert complete lenticular yes 45.82 21 5.36 13.25 18.84 4.61 32.57 
516678 Scottsbluff Morrison chert complete lenticular no 46.41 18.59 5.3 14.07 15.55 4.94 32.34 
516620 A/C I porcellanite complete diamond yes 49.63 20.95 7.33 17.4 18.09 5.86 32.23 
   
complete diamond yes 45.66 20.6 6.92 14.5 15.28 6.16 31.16 
516785 Cody? porcellanite complete diamond no 39.51 15.81 6.22 8.47 15.91 5.4 31.04 
516662 Cody? chert complete diamond no 43.82 18.41 6.24 13.7 17.43 5.75 30.12 
h-76 
 
chert complete diamond yes 44.06 20 6.04 14.44 16.14 6.06 29.62 
516658 A/C I Phosphoria chert complete diamond yes 47.78 19.01 6.87 18.64 16.95 5.86 29.14 
516719 
 
chert complete lenticular yes 38.96 17.27 4.26 10.11 15.5 4.03 28.85 
77188 A/C I porcellanite complete lenticular yes 42.03 19.05 6.58 15.92 17.22 5.13 26.11 
h-81 
 
chert complete lenticular no 36.18 16.1 4.94 10.5 15.07 4.58 25.68 
516830   chert complete lenticular yes 40.21 21.3 6.05 16.14 19.68 5.64 24.07 
 
200 
 
Table 5.22. The Horner I sample (continued). 
Catalog 
# 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
516831 
 
chert complete lenticular yes 38.85 24.09 5.22 15.1 19.45 4.97 23.75 
516750 Eden Phosphoria chert complete diamond no 35.39 14.32 5.95 14.38 11.65 5.4 21.01 
516625 
 
chert complete lenticular no 25.64 13.02 4.32 8.03 12.52 4.46 17.61 
77170 A/C II Phosphoria chert complete lenticular yes 29.9 15.23 5.24 12.55 15.92 5.16 17.35 
516806 A/C I porcellanite complete diamond yes 30.66 16.26 5.96 13.45 15.99 3.99 17.21 
516823 
 
chert complete lenticular yes 27.69 18.65 5.14 11.13 17.37 5.2 16.56 
516621 
 
chert complete lenticular yes 27.72 15.33 3.54 11.54 13.4 3.72 16.18 
516776 
 
Phosphoria chert complete diamond yes 27.73 16.62 5.88 12.7 16.62 5.66 15.03 
77149 A/C I Phosphoria chert complete lenticular no 26.62 14.07 5.19 12.32 12.03 4.16 14.3 
516748 
 
chert midsection diamond no 54.51 19.82 7.2 
   
54.51 
55 
 
basalt midsection lenticular n/a 43.55 22.73 7.05 
   
43.55 
516729 
 
chert midsection lenticular n/a 41.45 26.73 3.2 
   
41.45 
516679 
 
unidentified 
quartzite midsection diamond n/a 41.14 23.28 7.45 
   
41.14 
516641 Scottsbluff volcanic chert midsection lenticular n/a 36.77 23.55 6.23 
   
36.77 
516754 
 
chert midsection diamond n/a 35.81 21.6 7.3 
   
35.81 
516791 Scottsbluff porcellanite midsection lenticular n/a 29.41 22.26 4.34 
   
29.41 
H-34 
  
midsection diamond n/a 22.67 19.48 6.44 
   
22.67 
516840 
 
chert midsection diamond n/a 22.39 19.33 5.78 
   
22.39 
516767 
  
midsection lenticular n/a 21.63 14.31 4.15 
   
21.63 
77168 A/C I Morrison quartzite 
stem/blade 
fragment lenticular no 64.26 23.65 6.59 2.11 18 5.41 62.15 
77144 A/C I Morrison quartzite 
stem/blade 
fragment lenticular yes 68.81 24.65 6.65 17.74 17.67 5.11 51.07 
77103 A/C I Morrison quartzite 
stem/blade 
fragment lenticular yes 67.03 22.63 6.29 17.98 21.21 5.48 49.05 
77146 A/C I porcellanite 
stem/blade 
fragment diamond no 64.2 21.85 6 16.72 17.6 4.92 47.48 
77148 A/C I Phosphoria chert 
stem/blade 
fragment lenticular yes 50.52 22.97 5.45 5.73 16.29 4.85 44.79 
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Diamond-shaped Points in the Northern Area of Horner I  
 Eight complete points and 1 incomplete point with a remnant of stem, 516824, 
have diamond-shaped cross-sections.  The average blade width for these 9 points is 17.95 
mm (sd 2.21) and the average blade thickness is 6.85 mm (sd 0.92).  The average blade 
width to thickness ratio is 2.6 (sd 0.22); the minimum is 2.35 on 516824 and the 
maximum is 2.85 on 516789.  Since the remnant of stem left on 516824 was too small to 
be measured, calculations of descriptive statistics for stem measurements were made with 
data from the 8 complete points.  The average stem width is 16.66 mm (sd 2.39) and the 
average stem thickness is 6.0 mm (sd 1.12).  The average stem width to thickness ratio is 
2.85 (sd 0.54); the minimum is 2.16 on 516750, and the maximum is 4.01 on 516806.   
 
Lenticular Points in the Campsite at Horner I 
 The 6 lenticular points include 2 complete and 2 incomplete points, 1 midsection, 
and 1 tip fragment.  Average width and thickness measurements were calculated using 4 
projectile points.  The average blade width is 21.71 mm (sd 3.04), and the average blade 
thickness is 5.45 mm (sd 1.21).  The average blade width to thickness ratio is 4.23 (sd 
1.60); the minimum is 2.99 on 516794, and the maximum is 6.56 on 516811.  The 
average stem width is 19.43 mm (sd 4.61), and the average stem thickness is 5.04 mm (sd 
0.57).  The average stem width to thickness ratio is 3.96 (sd 1.45); the minimum is 3.16 
on 516825, and the maximum is 6.13 on 516811. 
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Stem, Midsection, and Tip Fragments in the Northern Area of Horner I 
 The stem fragment, 516787, is made of an unidentified quartzite.  It is 14.78 mm 
wide, 5.05 m thick, and has a width to thickness ratio of 2.93.  The diamond-shaped 
midsection, 516748, is 19.82 mm wide, 7.2 mm thick, and has a blade width to thickness 
ratio of 2.75.  The 3 diamond-shaped tips (516795, 516822, and 516812) have an average 
width of 17.08 mm (sd 2.21) and thickness of 6.85 mm (sd 0.9).  The average blade width 
to thickness ratio is 2.5 (sd 0.2); the minimum is 2.3 on 516822, and the maximum is 2.7 
on 516795.  The lenticular midsection, 516791, is 22.26 mm wide, 4.34 mm thick, and 
has a blade width to thickness ratio of 5.12.  The lenticular tip, 516798, is 13.02 mm 
wide, 4.34 mm thick, and has a blade with to thickness ratio of 3.0.  
 There are 32 points shown in the southern bone bed; they were identified as Eden 
(n = 2), Scottsbluff (n = 9), Alberta/Cody I (n = 16), Alberta/Cody II (n = 1), generalized 
Cody (n = 1), and not typed (n = 3).  I have no data for 516686, a tip made of Morrison 
chert and classified as Eden (Bradley and Frison 1987: Table 6.2).    This reduces my 
sample from the bone bed to 31.  My data on cross sectional shape also agrees with 
Bradley and Frison because it shows that the southern area has a majority of lenticular 
points (n = 18) and a minority of diamond-shaped points (n = 13).   
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Complete and Incomplete Diamond-shaped Points in the Southern Area of Horner I 
 The diamond-shaped sample (n = 12) includes 11 complete points and 1 
incomplete point, 516677.  The average blade width is 20.45 mm (sd 1.65), and the 
average blade thickness is 6.74 mm (sd 0.43).  The average blade width to thickness ratio 
is 3.04 (sd 0.21); the minimum is 2.77 on 516658, and the maximum is 3.37 on 516647.  
The average stem width is 17.3 mm (sd 0.77), and the average stem thickness is 5.89 mm 
(sd 0.42).  The average stem width to thickness ratio is 2.95 (sd 0.22); the minimum is 
2.65 on 516689, and the maximum is 3.36 on 516724.  
 
Complete and Incomplete Lenticular Points in the Southern Area of Horner I 
 The lenticular sample (n = 15) includes 8 complete and 7 incomplete points.  The 
average blade width is 23.27 mm (sd 2.79), and the average blade thickness is 6.71 mm 
(sd 0.99).  The average blade width to thickness ratio is 3.73 (sd 0.73); the minimum is 
2.91 on 516669, and the maximum is 5.44 on 516642.  The average stem width is 18.01 
mm (sd 2.12), and the average stem thickness is 5.63 mm (sd 0.67).  The average stem 
width to thickness ratio is 3.2 (sd 0.38); the minimum is 2.33 on 516669, and the 
maximum is 3.92 on 516645.  
 
Stem, Midsection, and Tip Fragments in the Southern Area of Horner I 
 The sample includes 1 midsection and 3 tips, and all but one tip are lenticular in 
cross section.  The diamond-shaped tip, 516675, is 12.49 mm wide, 5.84 mm thick, and 
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has a width to thickness ratio of 2.14.  The midsection, 516641, is 23.55 mm wide, 6.23 
mm thick, and has a width to thickness ratio of 3.78.  The average blade width for the 2 
lenticular tips is 19.14 mm (sd 3.25), and the average thickness is 5.94 mm (sd 1.05).  
The average width to thickness ratio is 3.22 (sd 0.02); the minimum is 3.21 on 516643, 
and the maximum is 3.24 on 516635. 
 
Raw Material 
 Information on the lithic raw material sources for projectile points from both the 
campsite and bone bed at Horner I was taken from Frison (1987:274-278, 541-549).  The 
Morrison Formation containing quartzite and chert occurs in the Bighorn Basin.   
Morrison quartzites (n = 6) are fine grained and range from light to dark gray in color, 
and cherts (n = 11) can be yellow to orange or dull maroon in color. The high quality 
Phosphoria chert (n = 30) comes from the Bighorn Mountains 120 km east of the site.  
The color varies from blood red to light pink, blue to white, and may include light green 
or yellow spots (Frison 1987:276-277). The Madison formation underlies the Phosphoria 
formation and it contains a high quality chert (n = 5) that includes a variety of colors 
ranging from transparent to opaque (Frison 1987:277).   Local materials include 
unidentified quartzite (n = 2) and chert (n = 6) that are found in gravels along nearby 
streambeds.  The cobbles of the Cody terrace contain several volcanic materials that were 
suitable for tool manufacture (Frison 1987:274-275). The Horner I assemblage includes 
basalt (n = 3) and materials Frison (1987:275) describes as volcanic chert (n = 6) and 
volcanic opal (n = 2). 
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 The Horner projectile point assemblage also contains materials from outside the 
Bighorn Basin such as porcellanite, Hartville Uplift chert, and Knife River Flint.  
Porcellanite (n = 19), gray and yellow through orange in color, was obtained from the 
Powder River Basin in eastern Wyoming and Montana.  Four artifacts are made of 
Hartville chert from southeastern Wyoming; 516674 is a complete point while 516634, 
516765, and 516799, are stem fragments.  A complete point, 516685, is made of Knife 
River Flint from western North Dakota. 
 
Completeness, Cross Section, and Edge Grinding  
 The 97 projectile points from Horner 1 include 43 complete and 14 incomplete 
points, 13 stem fragments, 10 midsection fragments, and 17 tip fragments.  Frison (1987 
Table A9.1) classifies 7 artifacts as specialized bifaces, 2 complete points (516674 and 
516744), 3 stem fragments (516799, 516765, and 516734), 2 midsections, (516729 and 
516767), and 2 tips (516694 and 516733).  There are 39 projectile points and fragments 
with diamond-shaped cross sections, including 22 complete and 4 incomplete points, 5 
midsection fragments, and 8 tip fragments.  There are 45 projectile points with lenticular 
cross sections, including 21 complete and 10 incomplete points, 5 midsection fragments, 
and 9 tip fragments.   Edge grinding is present on 18 diamond-shaped and 24 lenticular 
points, and 13 stem fragments. It is absent on 8 diamond-shaped and 7 lenticular points.  
Edge grinding could not be determined for 516824, an incomplete, diamond-shaped, 
point made of porcellanite  because the remnant of the stem was too small to be 
measured; this projectile point likely broke in or slightly above the haft.  Usewear 
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analysis indicated that a complete point made of Phosphoria chert, 516778, has wear 
typical of use as a projectile point (Muñiz 2005:332). 
 
Complete and Incomplete Points with Diamond-shaped Cross Sections  
 The diamond-shaped sample includes 22 complete and 4 incomplete points.   
The average blade width is 19.59 mm (sd 2.08) and the average blade thickness is 6.76 
mm (sd 0.68).  The average blade width to thickness ratio for diamond-shaped points at 
Horner I is 2.91 (sd 0.33); the minimum is 2.35 on 516824, and the maximum is 3.81 on 
516737.  The average stem width is 17.18 mm (sd 1.66) and the average stem thickness is 
5.87 mm (sd 0.77).  The average stem width to thickness ratio is 2.97 (sd 0.46); the 
minimum is 2.16 on 516750, and the maximum is 4.17 on 77107.  
 
Complete and Incomplete Points with Lenticular Cross Sections 
 The lenticular sample includes 21 complete and 10 incomplete points.  The 
average blade width is 22.17 mm (sd 4.34) and the average blade thickness is 5.72 mm 
(sd 1.11).  The average blade width to thickness ratio for lenticular points at Horner I is 
3.98 (sd 0.99); the minimum is 2.90 on 516669, and the maximum is 6.56 on 516811.  
The average stem width is 17.89 mm (sd 2.67) and the average stem thickness is 5.23 mm 
(sd 0.75).  The average stem width to thickness ratio is 3.47 (sd 0.67); the minimum is 
2.34 on 516669, and the maximum is 6.13 on 516811.   
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Table 5.23. Descriptive statistics for diamond-shaped points at the Horne I site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 41 16.51 11.85 28.36 19.31 0.48 3.05 
Blade 
Thickness 41 3.01 5.03 8.04 6.66 0.11 0.73 
Stem Width 27 12.25 11.65 23.9 17.44 0.4 2.06 
Stem Thickness 27 3.39 3.99 7.38 5.88 0.14 0.74 
 
Table 5.24. Descriptive statistics for lenticular points at the Horner I site.   
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 43 19.32 12.53 31.85 21 0.68 4.47 
Blade 
Thickness 43 4.84 2.86 7.7 5.33 0.2 1.31 
Stem Width 29 13.59 12.52 26.11 17.7 0.47 2.5 
Stem 
Thickness 29 3.45 3.72 7.17 5.17 0.14 0.74 
 
 
Horner I Stem Fragments 
 The Horner I sample contains 13 stem fragments.  Bradley and Frison (1987:218) 
classify 4 of the stem fragments as Eden, 2 as Scottsbluff, but they do not provide 
typological designations for the others.  Raw material identifications for stem fragments 
are similar to those for the Horner I assemblage as a whole (Frison 1987 Table A9.1).  
They include Phosphoria chert (n = 4), Hartville chert (n = 3), Madison chert (n = 2), 
porcellanite (n = 2), and unidentified quartzite (n = 1).  The average stem width is 16.56 
mm (sd 1.85) and the average stem thickness is 4.54 mm (sd 0.86).  The average stem 
width to thickness ratio is 3.75 (sd 0.78); the minimum is 2.87 on 516623, and the 
maximum is 5.58 on 516799. 
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Table 5.25. Stem fragments at the Horner I site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Stem Width 13 6.63 13.47 20.1 16.6 0.51 1.85 
Stem 
Thickness 13 3.48 2.93 6.41 4.55 0.24 0.86 
 
Midsection and Tip Fragments 
 The Horner I assemblage contains 27 midsection and tip fragments. Of these, 13 
are diamond-shaped and 14 are lenticular.  The sample of 13 diamond-shaped cross-
section points includes 5 midsections and 8 tip fragments.  The average width for the 
diamond-shaped midsections is 20.70 mm (sd 1.70) and the average blade thickness is 
6.83 mm (sd 0.71).  The average blade width to thickness ratio is 3.04 (sd 0.22); the 
minimum is 2.75 on 516748, and the maximum is 3.34 on 516840.  The average blade 
width for diamond-shaped tips is 15.88 mm (sd 2.60) and the average blade thickness is 
6.19 mm (sd 0.88).  The average blade width to thickness ratio is 2.58 (sd 0.38); the 
minimum is 2.14 on 516675, and the maximum is 3.35 on 516686. 
 Bradley and Frison (1987:218) classify 4 tips as Eden, including 516812, made of 
Morrison quartzite, which is 91.25 mm long.  The other Eden tips are made of basalt 
(516635), Morrison chert (516822), and porcellanite   (516798).  The length 
measurements range from 29.65 mm on 516839, to 47.08 mm on 516619.   
 The lenticular sample includes 5 midsections and 9 tip fragments.  The average 
blade width for midsections is 21.92 mm (sd 4.60), and the average blade thickness is 
4.99 mm (sd 1.59).  The average blade width to thickness ratio for lenticular midsections 
is 4.79 (sd 2.13); the minimum is 3.22 on H-55 and the maximum is 8.35 on 516729. The 
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average blade width for tips is 17.05 mm (sd 3.32), and the average blade thickness is 
4.49 mm (sd 1.48).  The average blade width to thickness ratio for lenticular tips is 4.18 
(sd 1.27); the minimum is 3.00 on H-85 and the maximum is 5.11 on 516733. 
 
The Horner II Assemblage 
 I examined a total of 23 projectile points and fragments from Horner II.  The 
Horner II bone bed contained the skeletons of approximately 70 bison and was buried in 
a shallow arroyo.  The complete bison skeletons exhibited cut marks, indicating that the 
Horner II bone bed was a primary kill and processing area.  Since the Horner II 
component was buried under 2 m of sediment, the Horner II assemblage was produced by 
“a single group of people at a specific point in time” (Bradley and Frison 1987:202) 
 Bradley and Frison (1987:203) assigned the Horner II projectile point assemblage 
to the Alberta/Cody I and II types.  They classified 9 lenticular points as Alberta/Cody I 
and 1 diamond-shaped point, 77187, as Alberta/Cody II.  Finally, they designated one 
reworked projectile point, 77188, as Alberta/Cody but they could not determine whether 
it was type I or II.  The Alberta/Cody I and II types will be discussed in the next chapter.   
 
Raw Material 
 Information on the lithic raw material sources for projectile points from the 
Horner site was taken from Frison (1987:274-278, 541-549).  Silicified wood from the 
Absaroka Mountains (n = 1) is the only raw material that occurs in the Horner II 
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assemblage that is absent in the Horner I assemblage (Frison 1987 Table A9.1). The most 
abundant materials in the Horner II assemblage are Phosphoria chert (n = 6) and 
porcellanite (n = 6), followed by Morrison quartzites (n = 3), Morrison chert (n = 2), 
volcanic chert (n = 3), and unidentified chert (n = 2).  The Horner II assemblage does not 
contain Hartville chert or Knife River Flint, although these materials occur in the Horner 
I assemblage.  
 
Completeness, Cross Section, and Edge Grinding 
 The 23 projectile points from Horner II include 10 complete and 8 incomplete 
points, 3 stem and 2 tip fragments.  Bradley and Frison (1987:202) reported slightly 
different frequencies of 13 complete points, 5 of which were reworked, and 3 incomplete 
points.  Two artifacts, 77100 and 77160, were classified as specialized bifaces.  Bradley 
and Frison (1987:207) described 77100 as the tip of a projectile point or drill, and 77160 
as incomplete.   There are 5 projectile points with diamond-shaped cross-sections and 13 
with lenticular cross-sections.  Edge grinding is present on 13 artifacts, including 3 
diamond-shaped and 8 lenticular projectile points, and 2 stem fragments.  Edge grinding 
is absent on 5 artifacts including 2 diamond-shaped and 2 lenticular  projectile points and 
1 stem fragment.  Use wear analysis by Muñiz (2005:339-340) indicated that both 
projectile wear and haft wear were present on 1 incomplete point, 77160. 
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Complete and Incomplete Points with Diamond-Shaped Cross Sections  
 There are 5 projectile points with diamond-shaped cross sections, including 3 
complete and 2 incomplete points.  The average blade width is 21.88 mm (sd 1.18) and 
the average blade thickness is 6.9 mm (sd 1.11).  The average blade width to thickness 
ratio is 3.20 (sd 0.30); the minimum is 2.85 on 77184 and the maximum is 3.64 on 77146.  
The average stem width is 18.77 mm (sd 0.99), and the average stem thickness is 5.38 
mm (sd 1.67).  The average stem width to thickness ratio is 3.58 (sd 0.5); the minimum is 
2.72 on 77184, and the maximum is 3.96 on 77187.  
 
Complete and Incomplete Points with Lenticular Cross Sections 
 There are 13 projectile points with lenticular cross sections, including 7 complete 
and 6 incomplete points.  The average blade width is 22.12 mm (sd 4.24) and the average 
blade thickness is 6.4 mm (sd 0.8).  The average blade width to thickness ratio is 3.44 (sd 
0.43); the minimum is 2.9 on 77188 and the maximum is 4.21 on 77148.  The average 
stem width is 17.66 mm (sd 3.0), and the average stem thickness is 5.14 mm (sd 0.58).  
The average stem width to thickness ratio is 3.42 (sd 0.28); the minimum is 2.89 on 
77149, and the maximum is 3.87 on 77103. 
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Table 5.26. The Horner II sample. 
Catalog # 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
77147 A/C I volcanic chert base 0 yes 
   
14.69 16.12 3.94 
 
77162 A/C I Phosphoria chert  base 0 yes 
   
20.83 15.61 5.31 
 
77180 
 
volcanic chert base 0 no 
   
28.71 15.22 
  
77097 A/C I silicified wood base/blade fragment 2 yes 33.28 19.05 5.63 13.75 17.17 4.65 19.53 
77184 A/C I porcellanite complete 1 yes 84.93 24.7 8.67 16.1 20.29 7.45 68.83 
77187 A/C II Morrison chert complete 1 no 85.72 19.53 6.38 17.53 18.35 4.63 68.19 
77102 A/C I Phosphoria chert  complete 1 yes 71.08 21.87 7.04 14.7 18.59 4.92 56.38 
77062 Scottsbluff chert complete 2 yes 147.83 29.01 7.34 18 24.22 6.44 129.83 
77071 Scottsbluff chert complete 2 yes 102.38 22.15 6.51 13.15 18.6 4.99 89.23 
77101 A/C I Morrison quartzite complete 2 yes 79.93 23.89 7.32 17.14 18.03 5.56 62.79 
77156 A/C I porcellanite complete 2 yes 74.45 26.2 7.19 17.18 19.04 5.49 57.27 
77188 A/C I porcellanite complete 2 yes 42.03 19.05 6.58 15.92 17.22 5.13 26.11 
77170 A/C II Phosphoria chert  complete 2 yes 29.9 15.23 5.24 12.55 15.92 5.16 17.35 
77149 A/C I Phosphoria chert  complete 2 no 26.62 14.07 5.19 12.32 12.03 4.16 14.3 
77146 A/C I porcellanite stem/blade fragment 1 no 64.2 21.85 6 16.72 17.6 4.92 47.48 
77154 A/C I porcellanite stem/blade fragment 1 yes 58.8 21.43 6.4 14.1 19.01 4.96 44.7 
77168 A/C I Morrison quartzite stem/blade fragment 2 no 64.26 23.65 6.59 2.11 18 5.41 62.15 
77144 A/C I Morrison quartzite stem/blade fragment 2 yes 68.81 24.65 6.65 17.74 17.67 5.11 51.07 
77103 A/C I Morrison quartzite stem/blade fragment 2 yes 67.03 22.63 6.29 17.98 21.21 5.48 49.05 
77148 A/C I Phosphoria chert  stem/blade fragment 2 yes 50.52 22.97 5.45 5.73 16.29 4.85 44.79 
77160 Scottsbluff chert stem/blade fragment 2 no 49.91 24.96 7.22 16.52 14.18 4.41 33.39 
77100 Eden Phosphoria chert  tip 1 n/a 23.65 15.12 5.46 
   
23.65 
77185 A/C I porcellanite tip 2 n/a 47.55 23.85 5.45       47.55 
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Table 5.27. Descriptive statistics for diamond-shaped points from the Horner II site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 6 9.58 15.12 24.7 20.8 1.31 3.22 
Blade 
Thickness 6 3.21 5.46 8.67 6.66 0.45 1.11 
Stem Width 5 2.69 17.6 20.29 18.8 0.44 0.99 
Stem 
Thickness 5 2.82 4.63 7.45 5.38 0.52 1.17 
 
Table 5.28. Descriptive statistics for lenticular points from the Horner II site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 14 14.94 14.07 29.01 22.2 1.1 4.1 
Blade 
Thickness 14 2.15 5.19 7.34 6.33 0.21 0.8 
Stem Width 13 12.19 12.03 24.22 17.7 0.83 3 
Stem 
Thickness 13 2.28 4.16 6.44 5.14 0.16 0.58 
 
 
Stem Fragments  
 The Horner II assemblage includes 3 stem fragments.  Bradley and Frison assign 
77147 and 77162 to the Alberta/Cody I type.  They did not assign 77180 to a particular 
type; it is made of Phosphoria chert and has a thermal break on the distal end (Bradley 
and Frison 1987:205).  The average stem width is 15.65 mm (sd 0.45) and the average 
stem thickness is 4.63 mm (sd 0.97).  The average stem width to thickness ratio is 3.52 
(sd 0.81); the minimum is 2.94 on 77162 and the maximum is 4.09 on 77147. 
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Complete and Incomplete Points with Lenticular Cross Sections 
 There are 13 projectile points with lenticular cross sections, including 7 complete 
and 6 incomplete points.  The average blade width is 22.12 mm (sd 4.24) and the average 
blade thickness is 6.4 mm (sd 0.8).  The average blade width to thickness ratio is 3.44 (sd 
0.43); the minimum is 2.9 on 77188 and the maximum is 4.21 on 77148.  The average 
stem width is 17.66 mm (sd 3.0), and the average stem thickness is 5.14 mm (sd 0.58).  
The average stem width to thickness ratio is 3.42 (sd 0.28); the minimum is 2.89 on 
77149, and the maximum is 3.87 on 77103. 
 
Stem Fragments  
 The Horner II assemblage includes 3 stem fragments.  Bradley and Frison assign 
77147 and 77162 to the Alberta/Cody I type.  They did not assign 77180 to a particular 
type; it is made of Phosphoria chert and has a thermal break on the distal end (Bradley 
and Frison 1987:205).  The average stem width is 15.65 mm (sd 0.45) and the average 
stem thickness is 4.63 mm (sd 0.97).  The average stem width to thickness ratio is 3.52 
(sd 0.81); the minimum is 2.94 on 77162 and the maximum is 4.09 on 77147. 
 
Table 5.29. Descriptive statistics for Horner II stem fragments. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Stem Width 3 0.9 15.22 16.12 15.65 0.26 0.45 
Stem 
Thickness 2 1.37 3.94 5.31 4.63 0.69 0.97 
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Tip Fragments 
 The Horner II assemblage contains 2 projectile point tips.  Of these, 77100 is 
diamond-shaped and 77185 is lenticular.  The diamond-shaped tip is made of Phosphoria 
chert, is 15.12 mm wide, 5.46 mm thick, and has a width to thickness ratio of 2.77.  The 
lenticular tip is made of porcellanite, is 23.85 mm wide, 5.85 mm thick, and has a width 
to thickness ratio of 4.38. 
 
Comparing the Horner I and II Assemblages 
 The Horner site consists of different spatial and temporal loci, indicating that the 
site was occupied repeatedly.  Such multiple occupations are not surprising because the 
environment contains abundant flora, fauna, and water (Frison 1987:10-14).  The Horner 
I assemblage, which is from two discrete areas, may represent multiple occupations, but 
the Horner II assemblage was produced by a single event.  The main difference between 
Horner I and II is that the former has a larger projectile point assemblage (n = 97) when 
compared to that recovered from the latter (n = 23).  The assemblages have similar 
proportions of projectile points and stem fragments with ground edges with (55 out of 70, 
or 79%) for Horner I and 15 out of 21 (71%) for Horner II.   The Horner I and II 
projectile point assemblages have average width and thickness measurements that are 
between 1-3 mm apart (Table 5.30).  The average blade width and stem width 
measurements of the Horner II assemblage are somewhat larger than those for Horner I.  
These differences will be addressed in Chapter 6 when I present the relationships 
between Alberta/Cody types I and II and Scottsbluff and Eden points.  
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Table 5.30. Comparing Projectile Point Attribute Means from Horner I and II.  
Cross Section Variable Component n Mean Standard 
deviation 
di
am
on
d 
Blade Width 
I 26 19.6 2.08 
II 5 21.2 1.18 
Blade 
Thickness 
I 26 6.76 0.68 
II 5 6.9 1.11 
Stem Width 
I 26 17.2 1.66 
II 5 18.8 0.99 
Stem 
Thickness 
I 6 5.86 0.77 
II 5 5.38 1.17 
le
nt
ic
ul
ar
 
Blade Width 
I 31 22.2 4.34 
II 13 22.1 4.24 
Blade 
Thickness 
I 31 5.72 1.11 
II 13 6.4 0.8 
Stem Width 
I 31 17.9 2.67 
II 13 17.7 3 
Stem 
Thickness 
I 31 5.23 0.75 
II 13 5.14 0.58 
 
 
The Hudson-Meng Assemblage 
 I examined a total of 18 projectile points and fragments from the Hudson-Meng 
site.  The Hudson-Meng sample represented in my analysis is limited to those projectile 
points recovered by Agenbroad (1978), and excludes subsequent excavations conducted 
in the 1990’s (Todd and Rapson 1995).  Agenbroad (1978:67) reported a total of 20 
complete and fragmentary projectile points from Hudson-Meng, but two of them were 
collected by Albert Meng immediately after the site was found.  The remaining 18 
projectile points are now curated at the Smithsonian Institution’s National Museum of 
Natural History, and I will refer to specific artifacts by Agenbroad’s catalog numbers in 
the following discussion.  My analysis includes 17 of these points.  The excluded point 
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has been described as anomalous (Agenbroad 1978:72) because of its unusual 
morphology with a pronounced u-shaped basal concavity formed by each lateral margin 
of the projectile point blade.  I did not analyze this extremely reworked projectile point 
(Huckell 1978), because it lacked the usual hafting elements (i.e.) stem and shoulders; 
therefore, I determined that including its width and thickness measurements would skew 
the average measurements for the Hudson-Meng projectile point assemblage as a whole. 
 
Raw Material 
 There are 5 projectile points made of Knife River Flint with a primary source 
located 523 km (325 mi) north-northeast of Hudson-Meng (Huckell 1978:167).  One 
projectile point tip, 1550, was made of porcellanite from the Powder River basin of 
eastern Wyoming and Montana.  A broken point, 1014, was made of quartzite that 
probably originated at the Flint Hill source 64 km (40 mi) north of Hudson-Meng; 
however, the Spanish Diggings quarry, 80 km (50 mi) west of the site, cannot be 
definitively eliminated as a material source for this artifact (Agenbroad 1978:73-74).  
Red jasper (n = 3) originated in the Phosphoria Formation in north-central Wyoming 
(Agenbroad 1978:75). Local chert and chalcedony (n = 7) were obtained from secondary 
cobble sources about 3.2-4.8 km (2-3 mi) north and east of the site (Agenbroad 1978:73). 
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Table 5.31. The Hudson-Meng sample. 
Smithsonian 
Catalog # 
Agenbroad 
Catalog # 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
534594 A.M. Alberta chert base   yes       26.39 21.43 5.23   
533663 189 Alberta jasper 
base/blade 
fragment lenticular yes 62.03 28.47 7.17 23.97 21.3 6.53 38.06 
533833 1014 Alberta quartzite 
base/blade 
fragment lenticular yes 39.34 27.1 5.94 18.65 21.27 6.18 20.69 
533627 1 Alberta 
Knife River 
Flint complete lenticular yes 145.92 36.3 8.76 27.92 27.06 7.46 118 
534569 2980 Alberta 
Knife River 
Flint complete lenticular yes 122.84 32.37 8.67 24.06 23.91 7.33 98.78 
533926 1176 Alberta 
Knife River 
Flint complete lenticular yes 117.06 38.67 7.98 20.42 24.39 7.13 96.64 
533926 
 
Alberta chert complete lenticular yes 116.53 39.08 8.3 22.85 24.11 6.77 93.68 
534073 1378 Alberta chalcedony complete lenticular yes 112.19 32.73 6.79 22.76 22.05 5.55 89.43 
533793 945 Alberta jasper complete lenticular yes 75.95 27.41 9.36 21.24 19.08 6.14 54.71 
534072 
 
Alberta chert complete lenticular yes 66.45 28.98 8 22.68 17.6 7.06 43.77 
534540 1030 Alberta 
Knife River 
Flint 
stem/blade 
fragment lenticular yes 117.6 38.13 9.07 9.58 26.42 7.24 108.02 
533849 
 
Alberta jasper tip lenticular n/a 65.82 32.83 9.43 
   
65.82 
534593 A.M. Alberta 
Knife River 
Flint tip lenticular n/a 64.57 36.26 8.03 
   
64.57 
534529 2519 Alberta chalcedony tip lenticular n/a 60.66 36.46 6.86 
   
60.66 
534205 1550 Alberta 
metamorphosed 
shale tip lenticular n/a 41.83 26.89 8.33 
   
41.83 
534054 1354 Alberta chalcedony tip lenticular n/a 40.49 25.62 7.66 
   
40.49 
534595   Alberta chert tip lenticular n/a 25.63 24.51 4.71       25.63 
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Completeness, Cross Section, and Edge Grinding  
 The Hudson-Meng assemblage includes 7 complete and 3 incomplete points, 1 
stem fragment, and 6 tip fragments.  All of the projectile points and tip fragments have 
lenticular cross sections.  Edge grinding was present on all of the complete and 
incomplete projectile points as well as the stem fragment.  One Knife River Flint 
projectile point, 1030, likely broke in the haft because it has an impact break, and the 
remaining stem is 9.58 mm in length; the blade is 108.02 mm in length.  
 
Complete and Incomplete Points with Lenticular Cross Sections 
 The 7 complete and 3 incomplete points have an average blade width of 32.92 
mm (sd 4.82), and 3 points have blade widths greater than 1 standard deviation larger 
than the mean.  Two points are made of Knife River Flint; they are 1176, measuring 
38.67 mm wide, and 1030, measuring 38.13 mm wide.  A chert point, Smithsonian 
catalog number 533926, measures 39.08 mm.  The average blade thickness is 8.00 mm 
(sd 1.08), and 1 jasper projectile point, 945, measures 9.36 mm thick. 
 The average stem width is 22.72 mm (sd 3.03), and 2 points have stem 
measurements of 27.06 mm and 26.42 mm, which are greater than 1 standard deviation 
from the mean.  The average stem thickness is 6.74 mm (sd 0.62) and the measurements 
cluster tightly around the mean.  The stem fragment is 21.43 mm wide and is within 1 
standard deviation for width, but the thickness measurement of 5.23 mm is more than 1 
standard deviation lower than the mean for complete and incomplete points.   
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Table 5.32.  Descriptive statistics for projectile points from the Hudson-Meng site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 10 11.98 27.1 39.08 32.92 1.53 4.82 
Blade 
Thickness 10 3.42 5.94 9.36 8 0.34 1.08 
Stem Width 10 9.5 17.6 27.1 22.72 0.96 3.03 
Stem 
Thickness 10 1.91 5.55 7.46 6.74 0.2 0.62 
 
 
 The average blade width to thickness ratio is 4.15 (sd 0.61); the minimum is 2.92 
on 945, and the maximum is 4.85 on 1176.  The average stem width to thickness ratio is 
3.38 (sd 0.40); the minimum is 2.49 on 1377, and the maximum is 3.97 on 1378. 
 
Stem and Tip Fragments 
 The Hudson-Meng sample includes 1 stem fragment and 6 tip fragments.  The 
stem fragment is 21.43 mm wide, 5.23 mm thick, and has a width to thickness ratio of 
4.10.  Two tips are made of chalcedony, and the other four include one each of chert, 
jasper, Knife River Flint, and porcellanite.  The average blade width is 30.42 mm (sd 
5.42), and the average blade thickness is 7.5 mm (sd 1.06).  The average blade width to 
thickness ratio is 4.18 (sd 0.95; the minimum is 3.22 on 1550,and the maximum is 5.31 
on 2519. 
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The Claypool Site Assemblage 
 I examined a total of 31 projectile points and fragments from the Claypool site.  
The Claypool site artifacts are curated at three locations: the University of Colorado 
Museum of Natural History, the Smithsonian National Museum of Natural History, and 
the University of Nebraska State Museum.  The University of Colorado Museum 
collections consist of artifacts recovered during excavations conducted by Dick and 
Mountain (1960), and the artifacts are designated with catalog numbers 13486-13498. 
The Smithsonian Institution collection contains both artifacts recovered in excavations 
conducted by Stanford and Albanese (1975) and surface collections that the family of 
Bert Mountain donated to the Smithsonian (Stanford personal communication 2009).  
The University of Nebraska  collection consists of 1 complete and 52 fragmentary 
projectile points that were found by Perry and Harold Anderson (Dick and Mountain 
1960:233; Labelle 2005:306; Muñiz 2005:233); however, the collection was not available 
for study. 
 My sample of 31 projectile points combines collections from the University of 
Colorado and the Smithsonian Institution, which I analyzed as a single component 
because artifacts were redeposited in concentrations where maximum deflation and 
erosion occurred (Stanford and Albanese 1975:23).  The University of Colorado 
excavations recovered 14 projectile points in situ (Dick and Mountain 1960:226) 
including 11 Eden points, 1 Scottsbluff point, and 2 fragments that were not assigned to 
either type.  In his analysis of the University of Colorado collection, Muñiz (2005:336) 
noted that three projectile points—13486, 13494, and 13496—had use-wear on the center 
of the projectile point blade caused by the impact of the point with bone or antler as it 
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was propelled into the carcass.  A single projectile point made of petrified wood was 
found by Stanford and Albanese (1975:23).  It is short, and it has a burin-like spall at the 
tip resulting from impact.  The remaining 16 projectile points came from surface 
collections made by Bert Mountain during his periodic visits to the Claypool site (Dick 
and Mountain 1960:223).  
 
Raw Material 
 I was unable to accurately integrate published data on lithic raw materials into my 
analysis because the Claypool collections are curated in several locations, and 
publications by Dick and Mountain (1960) and Muñiz (2005) report on artifacts that I 
was unable to examine.  The various raw material sources found at Claypool are 
discussed in Chapter 4.  I grouped artifacts by general types of raw material such as chert 
(n = 21), jasper (n = 1), and quartzite (n = 3).  Most of the projectile points were made of 
unidentified chert (Muñiz 2005:233). 
 
Completeness, Cross Section, and Edge Grinding 
  This analysis includes 19 complete and 7 incomplete points, and 1 stem, 1 
midsection, and 3 tip fragments.  There are 26 projectile points with diamond-shaped 
cross sections, including 16 complete and 6 incomplete points, 1 midsection, and 3 tip 
fragments.  The lenticular sample includes 3 complete points and 1 incomplete point.  
Edge grinding is present on 19 of the projectile points, including 17 points with diamond- 
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Table 5.33.  The Claypool site sample. 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
13491   chert base   no       14.89 16.93 5.48   
Sic-1?4-1 Eden 
 
base/most of blade diamond no 117.08 17.97 7.36 12.55 17.29 6.61 104.53 
19 Eden chert base/most of blade diamond yes 75.52 18.38 6.05 13.67 17.18 5.25 61.85 
64L Eden quartzite base/blade fragment diamond yes 50.11 24.25 6.81 13.32 23.57 5.19 36.79 
cat 15 Eden chert base/blade fragment diamond yes 46.95 16.2 7.05 18.84 16.17 5.67 28.11 
13487 
  
base/blade fragment diamond yes 
 
17.44 7.38 13.9 17.78 6.04 
 
526586 Eden chert complete diamond yes 81.78 24.79 7.59 15.1 22.81 5.96 66.68 
13486 Scottsbluff 
 
complete lenticular yes 76.32 21.63 7.12 10.36 18.35 5.89 65.96 
13494 
 
chert complete diamond yes 73.28 19.18 7.7 9 8 
 
64.28 
Sic-2104 Scottsbluff chert complete lenticular no 76.7 21.49 6.96 14.07 18.82 4.83 62.63 
89 Eden chert complete diamond yes 71.05 17.01 7.6 11.36 16.68 5.09 59.69 
13489 
  
complete lenticular no 66.02 20.98 7.2 13.44 19.79 5.85 52.58 
6 64 lhc Eden chert complete diamond yes 60.57 20.5 6.72 13.67 18.63 6.39 46.9 
lhl  Eden chert complete diamond yes 56 20.64 6.5 12.69 19.15 6.32 43.31 
k10 Eden jasper complete diamond yes 58.77 17.01 5.12 17.72 16.09 4.97 41.05 
13490 
 
chert complete diamond yes 52.49 20.42 7.16 14.31 18.98 5.74 38.18 
cat 2 Eden chert complete diamond yes 48 21.42 6.49 13.19 21.58 5.02 34.81 
cp-m104-1 Eden quartzite complete diamond no 47.71 18.53 6.31 13.58 18.43 5.12 34.13 
51c-196-1 Eden chert complete diamond yes 47.12 19.8 7.63 13.07 18.5 4.84 34.05 
13496 
 
chert complete diamond yes 47.04 19.62 7.61 14.05 18.09 
 
32.99 
cat 13 64b Eden chert complete diamond no 45.78 18.48 6.46 13.5 17.27 4.45 32.28 
64 Eden quartzite complete diamond yes 44.63 18.17 6.23 16.33 16.92 5.28 28.3 
cat 8 64b Eden chert complete diamond yes 42 18.11 6.02 15.33 16.47 5.41 26.67 
13492 
 
chert complete diamond no 30.29 14.01 6.6 8.8 12.1 4.9 21.49 
cat 14 c-274 Eden chert complete diamond yes 34.58 16.31 5.43 14.84 13.7 4.83 19.74 
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Table 5.33.  The Claypool site sample (continued). 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
13488 
  
midsection diamond n/a 84.87 18 7.89 
   
84.87 
 
Eden chert stem/blade fragment diamond no 68.27 12.09 4.36 11.88 14.23 4.37 56.39 
13495 
 
chert stem/blade fragment lenticular yes 36.59 21.39 4.61 12.75 18.96 4.27 23.84 
 
Eden 
 
tip diamond n/a 107.69 19.92 8.93 
   
107.69 
13497 
 
chert tip diamond n/a 48.8 15.96 6.77 
   
48.8 
13498   chert tip diamond n/a 33.1 17 6.91       33.1 
*1 incomplete point and 1 tip lacked catalog numbers. 
 
 
Table 5.34.  Descriptive statistics for diamond-shaped points at the Claypool site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 22 12.7 12.09 24.79 18.65 0.61 2.88 
Blade Thickness 22 3.3 4.4 7.7 6.65 0.19 0.89 
Stem Width 22 15.6 8 23.6 17.26 0.72 3.38 
Stem Thickness* 20 2.2 4.4 6.6 5.37 0.14 0.63 
*stem thickness measurements are not recorded for 13494 and 13496; therefore, the stem thickness 
sample (n = 20) is smaller than the stem width sample (n = 22).   
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shaped and 2 with lenticular cross sections.  Edge grinding is absent on 5 of the diamond-
shaped and 2 lenticular points as well as the stem fragment, 13491; the majority are 
ground. 
 
Complete and Incomplete Points with Diamond-shaped Cross Sections 
 The diamond-shaped sample of 22 points includes 16 complete and 6 incomplete 
points.  Table 5.34 shows a wide range of blade width and stem width values that are not 
tightly clustered around the means for either of these variables.  The average blade width 
is 18.65 (sd 2.88), but the measurements range from 12.09 mm to 24.79 mm. The average 
stem width is 17.25 mm (sd 3.37), and measurements range from 8.0 mm to 23.6 mm.  
The average blade thickness is 6.65 mm (sd 0.88), and the average stem thickness is 5.37 
mm (sd 0.63).  The average blade width to thickness ratio is 2.86 (sd 0.4); the minimum 
is 2.12 on 13492 and the maximum is 3.56 on specimen 64L.  The average stem width to 
thickness ratio is 3.31 (sd 0.54); the minimum is 2.47 on 13492, and the maximum is 4.54 
also on 64L.  
 
Complete and Incomplete Points with Lenticular Cross Sections 
 The lenticular cross section sample includes 3 complete points  (13486, 13489, 
and SIC-2104), and 1 incomplete point (13495).  All width and thickness variables have a 
small standard deviation, indicating that the measurements for lenticular points are more 
tightly clustered around the mean (Table 5.35) than the metric data for diamond-shaped 
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points (Table 5.34).  The average blade width for lenticular cross sections is 21.37 mm 
(sd 0.28), and the average blade thickness is 6.47 mm (sd 1.25).  The average blade width 
to thickness ratio is 3.42 (sd 0.82); the minimum is 2.91 on 13489, and the maximum is 
4.64 on 13495.  The average stem width is 18.98 mm (sd 0.6), and the average stem 
thickness is 5.21 mm (sd 0.8).  The average stem width to thickness ratio is 3.71 (sd 
0.59); the minimum is 3.12 on 13486, and the maximum is 4.44 on 13495. 
 
Table 5.35.  Lenticular points at the Claypool site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 4 0.65 20.98 21.63 21.4 0.14 0.28 
Blade 
Thickness 4 2.59 4.61 7.2 6.47 0.62 1.25 
Stem Width 4 1.44 18.35 19.79 19 0.3 0.6 
Stem 
Thickness 4 1.62 4.27 5.89 5.21 0.4 0.8 
 
 
Stem, Midsection, and Tip Fragments 
 The Claypool sample contains a single stem fragment, 13491.  It is 16.93 mm 
wide, 5.48 mm thick, and has a width to thickness ratio of 3.09.  The midsection (13488) 
has a diamond cross section. It is 18.00 mm wide, 7.89 mm thick, and a width to 
thickness ratio of 2.28.  All 3 tips are diamond-shaped, the average blade width is 17.63 
mm (sd 2.05) and the average blade thickness is 7.54 mm (sd 1.21).  The width to 
thickness ratio is 2.29 (sd 0.06); the minimum is 2.23 on the unnumbered tip from 
Mountain’s surface collection, and the maximum is 2.46 on 13498.  
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The Frasca Site Assemblage 
 I examined a total of eight projectile points and fragments recovered from the 
Frasca site.  The site was excavated by Dennis Stanford and the artifacts are curated at 
the Smithsonian Institution, National Museum of Natural History.  Fulgham and Stanford 
(1982:6) assigned most of the projectile points and fragments to the Eden type, but they 
classified one tip, DF-D106-1, as Scottsbluff. 
 
Raw Material 
 Four projectile points (DF-E106-11, DF-F106-6, DF-S-2, and DFE1?6-10) are 
made of Flattop chert with outcrops located 35 km (22 mi) north-northeast of Frasca 
(Fulgham and Stanford 1982:6, 8).  Gravel deposits in the hills immediately south of 
Frasca are the source for an unidentified chert (DFp-3-1 and DF-D106-4) and an 
unidentified quartzite (DFc1051 DF-D1?6-1).  Fulgham and Stanford (1982:6) did not 
recover exotic raw materials at Frasca. 
 
Completeness, Cross Section, And Edge Grinding 
 The Frasca site assemblage includes 4 complete points, 1 incomplete point, and 3 
tip fragments.  Fulgham and Stanford (1982:6) described one complete point, DF-S-1, as 
having both a lenticular cross section and comedial flaking that produced a medial ridge.  
Since medial ridges are characteristic of diamond-shaped cross sections, I did not classify  
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DF-S-1 as lenticular.  Likewise, they identify one lenticular tip, DF-D106 that has a 
diamond-shaped cross section in my estimation.  Edge grinding is present on all of the 
complete and incomplete points.  
 
Complete and Incomplete Points with Diamond-shaped Cross Sections 
 The average blade width is 19.28 mm (sd 4.52).  Two blade width measurements 
are greater than one standard deviation from the mean; the minimum is 13.34 mm on DF-
F106-6, and the maximum is 25.21 mm on DF-S-1. The average blade thickness is 7.07 
mm (sd 1.16), and the measurements are within one standard deviation of the mean.  The 
average blade width to thickness ratio is 2.71 (sd 0.34); the minimum is 2.11 on DF-
F106-6 and the maximum is 2.92 on DFE1?6-10.  The average stem width is 17.89 mm 
(sd 2.98).  Two stem width measurements are greater than one standard deviation from 
the mean; the minimum is 14.7 on DF-F106, and the maximum is 22.78 on DF-S-1.  The 
data from the incomplete point, DF-F106, and the complete point DF-S-1, provide the 
lowest and highest values for the blade and stem width measurements respectively.  The 
average stem thickness is 5.16 mm (sd 0.83).  The average stem width to thickness ratio 
is 3.5 (sd 0.53); the minimum is 2.81 on DF-D106-4, and the maximum is 4.29 on DF-S-
1. 
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Table 5.36.  The Frasca sample. 
Catalog # 
Previous 
Type Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
DF-F106-6 Eden Flattop chert base/blade fragment diamond yes 20.28 13.34 6.33 14.04 14.87 4.26 6.24 
DF-D106-4 Eden local chert complete diamond yes 95.43 21.89 7.88 18 18.21 6.47 77.43 
DFp-3-1 Eden chert complete diamond yes 82.07 25.21 8.66 14.7 22.78 5.31 67.37 
DF-S-2 Eden Flattop chert complete diamond yes 70.34 18.7 6.56 17.47 16.81 4.99 52.87 
DFE1?6-10 Eden Flattop chert complete diamond yes 40.28 17.27 5.91 12.59 16.79 4.77 27.69 
DF-D106-1 Scottsbluff local quartzite tip diamond n/a 37.24 18.92 4.67 
   
37.24 
DF-E106-11 Eden Flattop chert tip diamond n/a 34.47 16.02 5.76 
   
34.47 
DFc1051 Eden local quartzite tip diamond n/a 34.01 16.99 7.38       34.01 
 
 
Table 5.37.  Descriptive statistics for diamond-shaped points at the Frasca site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 5 11.87 13.34 25.21 19.28 2.02 4.52 
Blade Thickness 5 2.75 5.91 8.66 7.07 0.52 1.16 
Stem Width 5 7.91 14.87 22.78 17.89 1.33 2.98 
Stem Thickness 5 2.21 4.26 6.47 5.16 0.37 0.83 
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Raw Material 
 Four projectile points (DF-E106-11, DF-F106-6, DF-S-2, and DFE1?6-10) are 
made of Flattop chert with outcrops located 35 km (22 mi) north-northeast of Frasca 
(Fulgham and Stanford 1982:6, 8).  Gravel deposits in the hills immediately south of 
Frasca are the source for an unidentified chert (DFp-3-1 and DF-D106-4) and an 
unidentified quartzite (DFc1051 DF-D1?6-1).  Fulgham and Stanford (1982:6) did not 
recover exotic raw materials at Frasca. 
 
Completeness, Cross Section, and Edge Grinding 
 The Frasca site assemblage includes 4 complete points, 1 incomplete point, and 3 
tip fragments.  Fulgham and Stanford (1982:6) described one complete point, DF-S-1, as 
having both a lenticular cross section and comedial flaking that produced a medial ridge.  
Since medial ridges are characteristic of diamond-shaped cross sections, I did not classify 
DF-S-1 as lenticular.  Likewise, they identify one lenticular tip, DF-D106 that has a 
diamond-shaped cross section in my estimation.  Edge grinding is present on all of the 
complete and incomplete points.  
 
Complete and Incomplete Points with Diamond-shaped Cross Sections 
 The average blade width is 19.28 mm (sd 4.52).  Two blade width measurements 
are greater than one standard deviation from the mean; the minimum is 13.34 mm on DF-
F106-6, and the maximum is 25.21 mm on DF-S-1. The average blade thickness is 7.07 
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mm (sd 1.16), and the measurements are within one standard deviation of the mean.  The 
average blade width to thickness ratio is 2.71 (sd 0.34); the minimum is 2.11 on DF-
F106-6 and the maximum is 2.92 on DFE1?6-10.  The average stem width is 17.89 mm 
(sd 2.98).  Two stem width measurements are greater than one standard deviation from 
the mean; the minimum is 14.7 on DF-F106, and the maximum is 22.78 on DF-S-1.  The 
data from the incomplete point, DF-F106, and the complete point DF-S-1, provide the 
lowest and highest values for the blade and stem width measurements respectively.  The 
average stem thickness is 5.16 mm (sd 0.83).  The average stem width to thickness ratio 
is 3.5 (sd 0.53); the minimum is 2.81 on DF-D106-4, and the maximum is 4.29 on DF-S-
1. 
 
 Tip Fragments 
 There are three diamond-shaped tips: DF-E106-11 is made of Flattop chert, and 
the other two, DF-D1?6-1 and DFc1051, are made of local quartzite.  The average blade 
width is 17.31 mm (sd 1.48), and the average blade thickness is 5.94 mm (sd 1.38).  The 
average blade width is 17.31 mm (sd 1.48), and the average blade thickness is 5.94 mm 
(sd 1.38).  The average blade width to thickness ratio is 3.04 (sd 0.9); the minimum is 
2.30 on DFc1051, and the maximum is 4.05 on DF-D1?6. 
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The Lamb Spring Site Assemblage 
 I examined a total of seven projectile points and fragments from the Lamb spring 
site.  The artifacts were recovered during excavations conducted by the Smithsonian 
Institution and are now curated at the National Museum of Natural History (Rancier et al. 
1982; Stanford et al. 1981).   
 
Raw Material 
 The lithic raw materials comprising the Lamb Spring assemblage are of local 
origin (Rancier et al. 1982:13).  The chert (n = 4) and jasper (n = 1) came from secondary 
gravel sources along the South Platte River.  Two complete points (K117-3 and K117-5), 
a midsection (437322), and a tip lacking a catalog number are made of local chert.  One 
complete point lacking a catalog number is made of a yellow jasper.  Two tips, K116-2 
and K116-15Da201, are made of quartzite from the Hogback outcrop in the Colorado 
Front Range. 
 
Completeness, Cross Section, and Edge Grinding 
 The assemblage includes 3 complete projectile points, 1 midsection fragment, and 
3 tips.  One complete point and all 4 fragments have diamond-shaped cross sections.   
The remaining two complete points have lenticular cross sections.  Edge grinding is 
present on the stems of the three complete points. 
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Table 5.38.  The Lamb Spring site sample. 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
K117-3 
 
chert complete lenticular yes 43.58 17.32 4.69 13.62 17.4 4.41 29.96 
K117-5 Eden chert complete diamond yes 46.1 19.37 7.26 18.49 18.22 5.78 27.61 
* Scottsbluff jasper complete lenticular yes 39.94 19.55 5.13 16.5 17.4 4.26 23.44 
437322 Eden chert midsection diamond n/a 47.46 14.85 5.31 
   
47.46 
* Eden chert tip diamond no 73.68 20.24 6.88 
   
73.68 
K116-2 Eden quartzite tip diamond n/a 54.86 21.32 6.71 
   
54.86 
K116-15Da201 Eden quartzite tip diamond n/a 43.68 18.33 5.19       43.68 
*One tip and one complete point lack catalog numbers. 
 
 
Table 5.39.  Descriptive statistics for lenticular points at the Lamb Spring site. 
 
N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 2 2.23 17.32 19.55 18.4 1.12 1.58 
Blade 
Thickness 2 0.44 4.69 5.13 4.91 0.22 0.31 
Stem Width 2 0 17.4 17.4 17.4 0 0 
Stem 
Thickness 2 0.15 4.26 4.41 4.34 0.08 0.11 
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Complete and Incomplete Points with Diamond-shaped Cross Sections 
 One complete point, K117-5, has a diamond-shaped cross section.  It has a blade 
width of 19.37 mm, blade thickness of 7.26 mm, and a blade width to thickness ratio of 
2.67.  It has a stem width of 18.22 mm, a stem thickness of 5.78 mm, and a stem width to 
thickness ratio of 3.15.  These measurements are similar to the average for lenticular 
points at the Lamb Spring Site (Table 5.39). 
 
Complete And Incomplete Points With Diamond-shaped Cross Sections 
One complete point, K117-5, has a diamond-shaped cross section.  It has a blade width of 
19.37 mm, blade thickness of 7.26 mm, and a blade width to thickness ratio of 2.67.  It 
has a stem width of 18.22 mm, a stem thickness of 5.78 mm, and a stem width to 
thickness ratio of 3.15.  These measurements are similar to the average for lenticular 
points at the Lamb Spring Site (Table 5.39). 
 
Complete and Incomplete Points with Lenticular Cross Sections 
 Two projectile points have lenticular cross sections: K117-3 and a complete point 
made of yellow jasper lacking a catalog number.  The average blade width is 18.44 mm 
(sd 1.58) and the average blade thickness is 4.91 mm (sd 0.31).  The average blade width 
to thickness ratio is 3.75 (sd 0.08); the minimum is 3.69 on K117-3 and the maximum is 
3.81 on the unnumbered point.  Both points have stems measuring 17.4 mm in width.  
The average stem thickness is 4.34 mm (sd 0.11).  The average stem width to thickness 
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ratio is 4.02 (sd 0.1); the minimum is 3.95 on K117-3 and the maximum is 4.08 on the 
unnumbered point. 
 
Midsection and Tip Fragments 
 The Lamb Spring assemblage includes a midsection and three tips, all of which 
have diamond-shaped cross-sections.  The midsection, 43722, is made of chert; it is 14.85 
mm wide, 5.31 mm thick, and has a blade width to thickness ratio of 2.8.  One of the tip 
fragments is made of chert while the other two are quartzite.  The quartzite tip fragment, 
K116-15Da201, was refitted, and measurements were taken on the proximal, or widest, 
portion of the blade.  The average blade width is 19.96 mm (sd 1.51), and the average 
blade thickness is 6.26 mm (sd 0.93).  The average blade width to thickness ratio is 3.17 
(sd 0.37); the minimum is 2.94 on a tip lacking a catalog number, and the maximum is 
3.53 on K116-15Da201. 
 
The Jurgens Site Assemblage 
 I examined a total of 68 projectile points and fragments recovered from the 
Jurgens site.  These artifacts are curated at the University of Colorado Museum and all 
were available for study. Wheat (1979:71) classified 63 artifacts as projectile points, 37 
that were recovered by excavations, and 26 that were found on the surface of the site.  
The total of 68 projectile points and fragments in my analysis is larger than the 63 
reported by Wheat because it includes projectile points that he classified as stemmed 
knives, but which Muñiz (2005) and I determined were projectile points. 
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 Three projectile points are unusual because ocher is present on SL1-12 and C-2, 
and a third, 23227, was lodged in a bison thoracic vertebrae.  SL1-12 is a diamond-
shaped projectile point tip made of quartzite; the ocher is on the impact break and in 
some of the flake scars.  The other projectile point with ocher, C-2, is made of tan jasper, 
is incomplete, diamond-shaped, and has ground edges.  The projectile point made of red 
jasper, 23227, was so deeply imbedded in a thoracic vertebrae that it could not be 
measured or fully described.  
 
Raw Material 
 In Chapter 4, I described several lithic raw material sources that were identified in 
the Jurgens lithic assemblage (Muñiz 2005:203-211; Wheat 1979:73-74, 123).  Wheat 
sometimes named raw materials in terms of their descriptions, while Muñiz designated 
the same materials by geological sources.  White River Group Silicates from Flattop 
Butte are the most common raw material at Jurgens (Muñiz 2005:206).  Wheat recorded 
artifacts made from  this material as Flattop chalcedony, chalcedony/chert, or chert, but I 
combined Flattop chalcedony and chert into a single category (n = 12).  Cobbles of 
unidentified chert, jasper, quartzite, and silicified wood are found in the Kersey gravels 
directly underlying the Jurgens site and are common in the lithic assemblage (Wheat 
1979:123).  My analysis includes chalcedony (n = 2), chert (n = 2), jasper (n = 13), and 
quartzite (n = 24). 
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Table 5.40 The Jurgens Site sample. 
Catalog # Locus Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
23051 1 quartzite complete lenticular yes 34.83 17.94 4.42 9.68 17.41 4.22 25.15 
23053 1 Flattop chert midsection diamond n/a 25.27 20.64 7.30 
   
25.27 
23055 1 chalcedony base 
 
yes 
   
14.66 16.32 5.36 
 
23057 1 Flattop chert base 
 
no 
   
14.14 23.28 5.45 
 
23058 1 quartzite base 
 
yes 
   
21.88 26.57 6.10 
 
23059 1 Flattop chert base 
 
yes 
   
16.24 26.36 6.33 
 
23166 1 Flattop chert tip lenticular n/a 45.24 30.13 5.32 
   
45.24 
SL1-10 1 quartzite base 
 
no 
   
10.67 15.99 4.33 
 
SL1-12 1 quartzite tip diamond n/a 34.12 15.23 4.26 
   
34.12 
SL1-19 1 Flattop chert midsection lenticular n/a 26.94 16.79 5.82 
   
26.94 
SL1-230 1 Flattop chert base 
 
yes 
   
10.60 20.96 4.70 
 
SL1-231 1 Moss agate tip diamond n/a 33.26 16.19 6.64 
   
33.26 
SL1-236 1 quartzite base  & blade lenticular yes 42.39 29.61 8.71 16.50 27.54 5.61 25.89 
SL1-8 1 Flattop chert base  & blade lenticular yes 22.58 27.96 6.87 15.80 26.02 5.74 6.78 
SL2-11 1 Flattop chert tip lenticular n/a 31.39 21.17 5.25 
   
31.39 
23046 2 
Black Forest 
silicified wood tip diamond n/a 41.42 25.49 5.42 
   
41.42 
23047 2 quartzite midsection lenticular n/a 9.61 15.27 3.37 
   
9.61 
23048 2 quartzite base 
 
no 
   
15.15 15.70 4.42 
 
23049 2 quartzite base 
 
no 
   
9.07 16.34 3.50 
 
23050 2 quartzite base 
 
yes 
   
13.86 18.67 4.05 
 
23052 2 quartzite base  & blade lenticular no 26.48 23.75 7.22 19.71 22.64 6.48 6.77 
23054 2 petrified wood complete lenticular yes 32.12 10.62 5.13 8.95 17.89 4.60 23.17 
23056 2 petrified wood base  & blade diamond no 33.69 14.01 5.58 11.17 18.62 5.27 22.52 
19569/ 
19578 2 
Knife River 
chalcedony complete lenticular yes 119.97 21.32 6.35 15.13 20.53 6.14 104.84 
SL2-2 2 Flattop chert complete lenticular no 46.14 23.04 5.09 13.44 22.47 4.67 32.70 
238 
 
Table 5.40 The Jurgens Site sample (continued). 
Catalog # Locus Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
SL2-20 2 jasper base 
 
yes 
   
13.90 20.63 5.26 
 
SL2-205 2 petrified wood base  & blade lenticular yes 27.53 24.05 6.50 16.13 20.29 5.36 11.40 
SL2-223 2 jasper base  & blade lenticular yes 19.30 16.77 5.78 13.41 19.56 5.10 5.89 
SL2-232 2 
Alibates 
dolomite base  & blade diamond no 32.65 13.24 6.45 15.31 18.13 5.42 17.34 
SL2-233 2 quartzite complete diamond no 34.24 10.01 5.49 12.06 20.17 5.24 22.18 
SL2-234 2 Moss agate base  & blade diamond yes 28.70 17.46 5.89 13.43 17.05 5.01 15.27 
SL2-3 2 quartzite base  & blade lenticular no 28.44 15.86 5.38 8.15 15.68 4.69 20.29 
SL2-4 2 Flattop chert  complete lenticular yes 37.01 15.65 4.77 10.90 15.45 4.57 26.11 
SL2-7 2 quartzite base 
 
yes 
   
20.15 25.09 5.84 
 
SL2-9 2 quartzite midsection diamond n/a 18.40 11.04 5.02 
   
18.40 
19567 3 quartzite midsection diamond n/a 59.71 20.58 6.84 
   
59.71 
19568 3 quartzite base  & blade lenticular yes 55.20 22.20 5.91 6.19 21.00 4.71 49.01 
19573 3 jasper midsection diamond n/a 28.02 20.59 5.84 
   
28.02 
19574 3 jasper midsection diamond n/a 32.43 21.82 6.60 
   
32.43 
19575 3 jasper complete diamond yes 37.94 17.08 4.96 12.21 17.09 4.36 25.73 
19576 3 
Knife River 
chalcedony complete lenticular no 41.45 21.57 5.38 17.06 19.31 4.97 24.39 
19577 3 quartzite base  & blade diamond yes 81.54 24.21 7.44 12.75 19.83 6.73 68.79 
19579 3 Moss agate complete diamond yes 32.90 14.87 4.98 10.62 14.97 4.22 22.28 
19580 3 chalcedony complete diamond no 41.08 17.35 6.50 16.85 16.57 4.76 24.23 
19582 3 quartzite base  & blade lenticular yes 52.41 22.82 6.02 15.37 19.90 4.75 37.04 
19583 3 Flattop chert complete diamond yes 40.42 17.58 5.98 13.11 18.58 5.91 27.31 
19584 3 jasper midsection diamond n/a 26.85 13.92 4.58 
   
26.85 
19585 3 quartzite midsection diamond n/a 36.66 14.80 5.80 
   
36.66 
19586 3 petrified wood complete diamond yes 52.32 17.10 5.43 12.05 14.72 4.18 40.27 
19587 3 jasper base  & blade diamond yes 52.81 16.68 5.50 14.57 13.82 4.77 38.24 
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Table 5.40 The Jurgens Site sample (continued). 
Catalog # Locus Raw Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
19588 3 Flattop chert complete lenticular yes 87.11 21.13 6.31 10.50 19.16 5.50 76.61 
19589 3 quartzite complete lenticular no 72.16 31.35 7.06 15.99 24.77 6.20 56.17 
19590 3 quartzite base  & blade lenticular yes 
   
27.51 22.90 6.10 
 
19591 3 jasper tip diamond n/a 56.88 23.00 8.07 
   
56.88 
19592 3 quartzite midsection diamond n/a 43.87 19.75 6.80 
   
43.87 
FA-13 3 
Knife River 
chalcedony midsection diamond n/a 27.08 16.76 7.45 
   
27.08 
SL3-15 3 jasper midsection diamond n/a 23.02 18.65 6.07 
   
23.02 
SL3-16 3 quartzite midsection lenticular n/a 45.11 26.06 5.97 
   
45.11 
SL3-18 3 jasper base  & blade lenticular no 27.12 21.10 6.81 15.25 17.79 5.34 11.87 
SL3-83 3 jasper tip lenticular n/a 59.85 25.16 8.71 
   
59.85 
test c-1 3 chert base  & blade lenticular no 41.07 19.82 5.37 10.17 18.13 4.14 30.90 
test C-2 3 jasper complete diamond yes 91.87 20.91 7.23 15.06 20.60 6.20 76.81 
FA-5 none 
Knife River 
chalcedony base 
 
no 
   
28.91 18.61 5.78 
 
SL1-1 none petrified wood complete lenticular no 29.94 15.25 4.32 9.62 13.83 4.21 20.32 
30048 none chert complete diamond yes 69.80 20.02 7.14 14.15 17.18 7.18 55.65 
Note: blade measurements were not recorded for 19590. 
Note: the assignment of projectile points to each area is from Wheat 1979 in tables 21-23. 
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 Wheat (1979:73-74) reported projectile points as chalcedonized wood (23056, 
Sl1-1, 19586, and sl2-205) or jasperized wood (19570, 19571, and 23054).  The terms 
“chalcedonized” or “jasperized” wood refer to Black Forest silicified wood (Muñiz 
2005:204-208), and I used this designation in my analysis (n = 7). 
 Another set of similar raw material designations that Wheat employed refer to a 
chalcedony with dendrites.  He reported that tip fragment Sl1-231 was made of a 
chalcedony with an algal structure, and that complete point 19579 was made of a 
dendritic jasper.  These materials are similar to the incomplete point, Sl2-234, that Wheat 
(1979:73) reported was made of Holiday Springs chalcedony, but this material resembles 
a translucent chert with dendrites known as moss agate that occurs throughout the chalk 
bluffs of northeastern Colorado  (Kornfeld et al. 2007:261-262).  I combine the 
chalcedony with algal structures and the dendritic jasper into a single category designated 
as moss agate (n = 3). 
 A small amount of exotic materials at Jurgens include Knife River flint and 
Alibates dolomite (Muñiz 2005:208).  The four artifacts made of Knife River flint are a 
complete projectile point with a lenticular cross section (19576); two fragments that refit 
to produce a complete projectile point also with a lenticular cross section (19569/19578); 
a stem fragment (FA-5); and a midsection fragment with a diamond-shaped cross section 
(FA-13).  The single artifact of Alibates dolomite, (SL2-232), is an incomplete projectile 
point with a diamond-shaped cross section. 
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Areas 1-3 at the Jurgens Site 
 The Jurgens site is divided into three areas that were presented in Chapter 4.  The 
samples of projectile points for the three areas that Wheat described are: Area 1 (n = 15), 
Area 2 (n= 21), and Area 3 (n = 29).  There are 3 artifacts that could not be assigned to a 
particular area of the Jurgens site.  A stem fragment (FA-5) and a midsection (FA-13) 
were found in fill areas where soil was deposited when the agricultural field containing 
the site was leveled.  I was unable to determine provenience for a complete point 
cataloged at the University of Colorado Museum as 30048 because Wheat’s label 
containing the area designation was no longer affixed to the artifact. 
 There are 27 projectile points from Area 1, and this assemblage consists mainly of 
bases and base/blade fragments (Muñiz 2005:106-107).  Area 2 produced 27 projectile 
points or hafted knives (Muñiz 2005:108), and the assemblage consists mainly of broken 
projectile points and fragments.  Area 3 produced 37 projectile points and hafted knives 
(Muñiz 2005:110), and this assemblage contains complete and incomplete points as well 
as midsection and tip fragments.  The provenience for surface artifacts is problematic.  
Muñiz (2005:101) noted that the designations for surface level included artifacts from 
several different vertical or horizontal areas such as plow zone, back dirt, or on the 
ground surface.  In Chapter 4, I presented the differing interpretations of the Jurgens 
stratigraphy proposed by Wheat and Muñiz—that is, three discrete occupations favored 
by Wheat (1979:152) compared to the single, contemporaneous occupation favored by 
Muñiz (2005:102-110).  Given these differing interpretations, I analyzed the projectile 
points separately by area and, later, as a single component.  
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Completeness, Cross Section, and Edge Grinding for the Area 1 Assemblage 
 The 15 projectile points from Area 1 included 2 complete and 2 incomplete 
points, and 6 stem fragments, 2 midsections, and 3 tip fragments.  The diamond-shaped 
sample (n = 3) is limited to 1 midsection and 2 tip fragments.  The lenticular sample (n = 
6) includes 2 complete and 2 incomplete points, 1 midsection, and 1 tip fragment.  Edge 
grinding occurred on 3 lenticular points and 4 stem fragments.  Edge grinding was absent 
on 1 complete point, Sl1-1, and 2 stem fragments.  The Area 1 assemblage consists 
entirely of local raw materials, including quartzite (n = 5), moss agate (n = 1), Flattop 
chalcedony or chert (n = 7), Black Forest silicified wood (n = 1), and a chalcedony 
without a source designation (n = 1). 
 
Points with Diamond Cross Sections, Area 1 
 The sample of diamond-shaped points from Area 1 (n = 3) is small and 
fragmentary, consisting of 1 midsection and 2 tip fragments.  The midsection, 23053, is 
made of Flattop chert.  It is 20.64 mm wide, 7.3 mm thick, and has a blade width to 
thickness ratio of 2.83.  One tip, Sl1-12, is made of quartzite and the other, Sl1-231, is 
made of moss agate.  The average blade width for the tips is 15.71 mm (sd 0.68) and the 
average blade thickness is 5.45 mm (sd 1.69).  The average blade width to thickness ratio 
is 3.01 (sd 0.81); the minimum is 2.44 on Sl1-231 and the maximum is 3.58 on Sl1-12. 
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Table 5.41 Descriptive Statistics for Complete and Incomplete Points From 
Jurgens Areas 1-3. 
Cross 
Section 
Variable Area N Mean Standard 
Deviation 
D
ia
m
on
d 
Blade Width 
1 *0 0 0 
2 4 13.7 3.05 
3 9 18.5 2.83 
Combined 14 17.2 3.55 
Blade 
Thickness 
1 *0 0 0 
2 4 5.85 0.43 
3 9 6.13 0.98 
Combined 14 6.12 0.85 
Stem Width 
1 *0 0 0 
2 4 18.5 1.29 
3 9 17.3 2.43 
Combined 14 17.6 2.08 
Stem 
Thickness 
1 *0 0 0 
2 4 5.24 0.17 
3 9 5.91 1.03 
Combined 14 5.41 0.96 
L
en
ti
cu
la
r 
Blade Width 
1 4 22.7 7.15 
2 8 18.5 5.15 
3 9 22.9 3.63 
Combined 20 21.3 5.06 
Blade 
Thickness 
1 4 6.08 2.12 
2 8 5.7 0.88 
3 9 6.17 0.61 
Combined 20 6 1.06 
Stem Width 
1 4 21.2 6.64 
2 8 19 2.94 
3 9 20.2 2.29 
Combined 21 20.6 3.45 
Stem 
Thickness 
1 4 4.95 0.84 
2 8 5.07 0.69 
3 9 5.39 0.7 
Combined 21 5.16 0.7 
*0 indicates a sample with no complete or incomplete points. 
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Points with Lenticular Cross Sections, Area 1 
 The lenticular point sample for Area 1 (n = 6) includes 2 complete and 2 
incomplete points, 1 midsection, and 1 tip fragment.  A complete point, 23051, and one 
incomplete point, Sl1-236, are made of quartzite.  The other incomplete point, Sl1-8, the 
midsection, Sl1-19, and the tip, 23166, are made of Flattop chert.  One complete point, 
Sl1-1, is made of Black Forest silicified wood.  The four complete and incomplete points 
have an average blade width of 22.69 mm (sd 7.15).  The standard deviation is large 
because Sl1-8 is 27.9 mm wide, and Sl1-236 is 29.61 mm wide. The average blade 
thickness is 6.08 mm (sd 2.12); Sl1-236 is 8.71 mm thick and it is greater than 1 standard 
deviation from the mean.  The average blade width to thickness ratio is 3.77 (sd 0.35); the 
minimum is 3.4 on Sl1-236, and the maximum is 4.07 on Sl1-8.  The average stem width 
is 21.20 mm (sd 6.64).  The standard deviation is large because Sl1-8 is 26.02 mm wide 
and Sl1-236 is 27.54 mm wide.  The average stem thickness is 4.95 mm (sd 0.84).  The 
average ratio of stem width to thickness is 4.21 (sd 0.7); the minimum is 3.29 on Sl1-1 
and the maximum is 4.91 on Sl1-236.  The midsection, Sl1-19, is 16.79 mm wide, 5.82 
mm thick, and has a blade width to thickness ratio of 2.88.  The tip, 23166, is 30.13 mm 
wide, 5.32 mm thick, and has a blade width to thickness ratio of 5.66.    
 
Completeness, Cross Section, and Edge Grinding for the Area 2 Assemblage 
 The Area 2 assemblage includes 4 complete and 8 incomplete points, 5 stem 
fragments, 2 midsections, and 2 tip fragments.  Cross section could be recorded on 16 
projectile points and fragments.  Of these, 6 are diamond-shaped, and 10 are lenticular.  
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Edge grinding is present on one diamond-shaped and five lenticular points as well as on 
three stem fragments.  It is absent on three diamond-shaped points, three lenticular points, 
and two stem fragments.  Quartzite (n = 10) is the most common raw material, followed 
by jasper (n = 4, Flattop chert (n =3), Black Forest silicified wood (n =2), and moss agate 
(n = 1).  A single projectile point, SL2-232, is made of Alibates dolomite, and this artifact 
is the only one made of exotic raw material found in Area 2.       
 
Points with Diamond-shaped Cross Sections, Area 2 
 The diamond-shaped sample at Area 2 (n= 6) includes 4 incomplete points, 1  
midsection, and 1 tip fragment.  I classified 3 of the incomplete points as restemmed tips 
(Sl2-232, SL2-233, and 23056), because both my measurements, and those provided by 
Wheat (1979:73), indicate that their blades are narrower than their stems.   This occurred 
as a flintknapper improvised flaking techniques to create a new hafting area (Wheat 
1979:89).  Sl2-232 has a square base measuring 18.43 mm in width, and a blade 
measuring 13.24 mm at the widest point immediately distal to the base.  Sl2-233 is also a 
restemmed tip because it has a square base that is  20.17 mm wide, but the blade, 
immediately distal to the hafting element, measures 10.01 mm in width.  The blade width 
for 23056 is 14.01 mm compared to the stem width of 18.62 mm.   Only SL2-234 has 
similar blade and stem width measurements, 17.46 and 17.05 respectively. The 
restemmed tip, SL2-233, and the midsection, SL2-9, are made of quartzite.  The 
restemmed tip, Sl2-232, is made of Alibates dolomite; the other restemmed point, Sl2-
234, is made of Holiday Spring chalcedony;  and the final restemmed specimen, 23056, is 
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made of Black Forest silicified wood.  The tip, 23046, is made of jasper.  The average 
blade width of the incomplete points is 13.68 mm (sd 3.05), and the average blade 
thickness is 5.85 mm (sd 0.43).  The average blade width to thickness ratio is 2.34 (sd 
0.51); the minimum is 1.82 on SL2-233, and the maximum is 2.96 on SL2-234.  The 
average stem width is 18.5 mm (sd 1.29), and the average stem thickness is 5.24 mm (sd 
0.17).  The average stem width to thickness ratio is 3.53 (sd 0.23.); the minimum is 3.4 
on SL2-234, and the maximum is 3.54 on 23056.  The midsection, SL2-9, is 11.04 mm 
wide, 5.02 mm thick, and has a width to thickness ratio of 2.2.  The tip, 23046, is 25.49 
mm wide, 5.42 mm thick, and has a width to thickness ratio of 4.7. 
  
Points with Lenticular Cross Sections, Area 2 
 The lenticular sample (n = 10) includes 2 complete and 6 incomplete points, 1 
midsection, and 1 tip fragment.  I classified 23054 as a restemmed tip because it has a 
square base that is 17.89 mm wide, but the blade, immediately distal to the hafting 
element,  measures 10.62 mm in width.   Three incomplete points (19568, 23052 and 
SL2-3), and a midsection (23047) are made of quartzite.  An incomplete point, SL2-223, 
and a restemmed tip, 23054, are made of jasper. Two complete points, SL2-2 and SL2-4, 
and a tip fragment, SL2-11, are made of Flattop chert.  An incomplete point, SL2-205, is 
made of Black Forest silicified wood.  The average blade width for the 2 complete and 6 
incomplete points is 18.54 mm (sd 5.15), and the average blade thickness is 5.7 mm (sd 
0.88).  The average blade width to thickness ratio is 3.25 (sd 0.76); the minimum is 2.07 
on 23054, and the maximum is 4.53 on SL2-2.  The average stem width is 19.04 mm (sd 
2.94), and the average stem thickness is 5.07 mm (sd 0.69).  The average stem width to 
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thickness ratio is 3.79 (sd 0.51); the minimum is 3.43 on SL2-3, and the maximum is 4.81 
on SL2-2.  The midsection, 23047, is 15.27 mm wide, 3.37 mm thick, and has a width to 
thickness ratio of 4.53.  The tip fragment, SL2-11, is 21.17 mm wide, 5.25 mm thick, and 
has a width to thickness ratio of 4.03. 
 
Completeness, Cross Section, and Edge Grinding for the Area 3 Assemblage 
 The 29 projectile points from Area 3 comprise the largest assemblage from any of 
the Jurgens areas.  It includes 10 complete and 8 incomplete points as well as 8 
midsections and 3 tip fragments.  The sample is separated into 17 diamond-shaped and 12 
lenticular points or fragments.  Edge grinding is present on eight diamond-shaped and 
five lenticular points.  It is absent on one diamond-shaped point and four lenticular 
points.  Jasper (n = 13) is the most common local raw material, followed by quartzite (n = 
9), Flattop chalcedony (n = 2), a chalcedony without a source designation (n = 1), a chert 
without a source designation (n = 1), and Black Forest silicified wood (n = 1).  Knife 
River Flint (n = 2) is the only exotic material found in the Area 3 assemblage. 
 
Points with Diamond-shaped Cross Sections, Area 3 
 The diamond-shaped sample (n = 17) includes 6 complete and 3 incomplete 
points, and 7 midsections and 1 tip.  An incomplete point, 19577, and 3 midsections  
(19567 19585, and 19592) are made of quartzite.  Three complete points (19575, 19579, 
and Test C-2), 2 incomplete points (19571 and 19587), 4 midsection fragments (19573, 
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19574, 19584, and SL3-15), and a tip fragment (19591) are made of jasper.  The other 
three complete points include 19583, which is made of Flattop chalcedony; 19586, made 
of Black Forest silicified wood; and 19580, made of chalcedony from an unknown 
source. 
 The average blade width for the 6 complete and 3 incomplete points is 18.45 mm 
(sd 2.83), and the average blade thickness is 6.13 mm (sd 0.98).  The average blade width 
to thickness ratio is 3.02 (sd 0.23); the minimum is 2.67 on 19580, and the maximum is 
3.44 on 19575.  The average stem width is 16.51 mm (sd 2.43), and the average stem 
thickness is 5.91 mm (sd 1.03).  The average stem width to thickness ratio is 3.34 (sd 
0.35); the minimum is 2.9 on 19587, and the maximum is 3.92 on 19575. The average 
blade width for the seven midsections is 18.59 mm (sd 3.05), and the average blade 
thickness is 6.08 mm (sd 0.79).  The average width to thickness ratio is 3.06 (sd 0.31); the 
minimum is 2.55 on 19585, and the maximum is 3.53 on 19573.  The tip fragment, 
19591, is 23.0 mm wide, 8.7 mm thick, and has a width to thickness ratio of 2.85. 
 
Points with Lenticular Cross Sections, Area 3 
 The lenticular point sample (n = 12) includes 4 complete and 5 incomplete points, 
1 midsection, and 2 tip fragments.  There are two projectile points made of Knife River 
Flint; 19576 is complete and 19569/19578 is a refit where the base and proximal blade 
(19569) was glued to the tip (19578).  Another complete point, 19589, two incomplete 
points (19582 and 19590), a midsection (SL3-16), and a tip fragment (SL3-14) are made 
of quartzite.  The fourth complete point, 19588, an incomplete point, SL3-18, and a tip 
249 
 
fragment, SL3-83, are made of Flattop chalcedony.  Finally, an incomplete point, 19570, 
is made of jasper, and another incomplete point, Test C-1, is made of unidentified chert. 
 The average blade width of the 4 complete and 5 incomplete points is 22.86 mm 
(sd 3.63), and the average blade thickness is 6.17 mm (sd 0.61).  The average blade width 
to thickness ratio is 3.71 (sd 0.43); the minimum is 3.09 on SL3-18, and the maximum is 
4.44 on 19589.  The average stem width is 20.17 (sd 2.29), and the average stem 
thickness is 5.39 (sd 0.7).  The average stem width to thickness ratio is 3.77 (sd 0.37); the 
minimum is 3.33 on SL3-18, and the maximum is 4.38 on Test C-1.  The midsection, 
SL3-16, is 26.06 mm wide, 5.97 mm thick, and has a width to thickness ratio of 4.37.  
The two tip fragments have an average blade width of 21.77 m (sd 4.74), and an average 
blade thickness of 6.92 mm (sd 2.53).  The average width to thickness ratio is 3.24 (sd 
0.49); the minimum is 2.89 on SL3-83, and the maximum is 3.58 on SL3-14.  
 Comparisons of the projectile point assemblages from the three discrete Jurgens 
areas are inconclusive because of the small, and often fragmentary, samples of complete 
and incomplete projectile points from each area.  This is particularly true for diamond-
shaped points because the sample from Area 1 consists entirely of fragments; the Area 2 
sample (n = 4) includes 3 restemmed tips, and only Area 3 (n = 9) includes both complete 
and incomplete points.  The effects of small sample sizes are particularly noticeable for 
blade width variables; there is no average blade width for Area 1 because there are no 
complete or incomplete points.  The average blade width for Area 2 is 13.68 mm (sd 
3.05) due to the presence of restemmed tips.  Only the average blade width for Area 3 of 
18.49 mm (sd 2.83) is similar to that for the average of all diamond-shaped complete and 
incomplete points from the entire Jurgens assemblage of 17.20 mm (sd 3.55).  The 
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lenticular point samples are also small from all three areas (Area 1, n = 4; Area 2, n = 8; 
and Area 3 (n = 9).  Continuing with the example of blade width, the average for Area 1 
is 22.69 mm (sd 7.15), for Area 2 is 18.54 mm (sd 5.15), and for Area 3 is 22.86 mm (sd 
3.63).  When combined, the average for Areas 1-3 is 21.28 mm (sd 5.08).  Table 5.41 
shows that the other width and thickness variables follow the same pattern that I 
described for blade width.     
 
The Entire Jurgens Projectile Point Assemblage: Areas 1-3 
 The following analysis combines the projectile points from Areas 1-3 into a single 
component.  This coincides with the single, contemporaneous, occupation favored by 
Muñiz (2005:102-110). 
 
Completeness, Cross Section, and Edge Grinding for the Combined Jurgens 
Assemblage 
 The Jurgens projectile point assemblage has abundant evidence for breakage and 
reworking (Wheat 1979:77). I examined 12 stem fragments, 13 midsections, and 8 tips.  I 
also examined 15 complete and 20 incomplete points including 4 repaired points that 
were restemmed tips.  The projectile points and fragments from the Jurgens site were 
evenly split between lenticular and diamond-shaped cross sections with 28 in each 
category.  The diamond-shaped sample includes 8 complete and 6 incomplete points, 10 
midsections, and 4 tip fragments.  The lenticular sample includes 9 complete and 12 
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incomplete points, 3 midsections, and 4 tip fragments.   Edge grinding is present on 10 
diamond-shaped and 13 lenticular points, as well as on 7 stem fragments.  Edge grinding 
is absent on 4 diamond-shaped and 8 lenticular points and 5 stem fragments. 
  
Combined Sample of Diamond Complete and Incomplete Points at Jurgens  
 The average blade width for the 8 complete and 6 incomplete diamond-shaped 
points is 17.20 mm (sd 3.55), and the average blade thickness is 6.12 mm (sd 0.85).  The 
average blade width to thickness ratio is 2.81 (sd 0.44); the minimum is 1.82 on SL2-233, 
and the maximum is 3.44 on 19575.  The average stem width is 17.61 mm (sd 2.08), and 
the average stem thickness is 5.41 mm (sd 0.96).  The average stem width to thickness 
ratio is 3.3 (sd 0.41); the minimum is 2.39 on 3048, and the maximum is 3.91 on 19575. 
 
Table 5.42. Descriptive Statistics for All Points with Diamond-shaped Cross Sections at 
Jurgens.  
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 14 14.2 10.01 24.21 17.2 0.95 3.55 
Blade 
Thickness 14 2.48 4.96 7.44 6.12 0.23 0.86 
Stem Width 14 6.78 13.82 20.6 17.6 0.56 2.09 
Stem 
Thickness 14 3 4.18 7.18 5.41 0.26 0.96 
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Combined Sample of Complete and Incomplete  Lenticular Points at Jurgens  
 The lenticular point sample (n = 21) includes 9 complete and 12 incomplete 
points.  The average blade width is 21.28 mm (sd 5.06) and the average blade thickness is 
6.0 mm (sd 1.06).  The average blade width to thickness ratio is 3.56 (sd 0.57); the 
minimum is 2.9 on SL2-323, and the maximum is 4.53 on SL2-2.  The average stem 
width is 20.64 mm (sd 3.45) and the average stem thickness is 5.16 mm (sd 0.7).  The 
average stem width to thickness ratio is 3.9 (sd 0.51); the minimum is 3.33 on SL3-18, 
and the maximum is 4.91 on SL1-236.  
 
Table 5.43. Descriptive Statistics for All Points with Lenticular Cross Sections at Jurgens.  
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 20 20.73 10.62 31.35 21.3 1.13 5.06 
Blade 
Thickness 20 4.39 4.32 8.71 5.97 0.24 1.06 
Stem Width 21 13.71 13.83 27.54 20.1 0.75 3.45 
Stem 
Thickness 21 2.34 4.14 6.48 5.16 0.15 0.7 
 
Table 5.44.  Stem Fragments from the Jurgens Site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Stem width 12 10.87 15.7 26.57 20.4 1.18 4.1 
Stem 
thickness 12 2.83 3.5 6.33 5.09 0.26 0.89 
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Stem Fragments 
 There are 12 stem fragments in the Jurgens assemblage: 6 are quartzite, 3 are 
Flattop chert, 1 is chalcedony, 1 is jasper and one (FA-5) is Knife River flint.  Three stem 
fragments (SL2-7, 23058, and 23059) were classified as stemmed knives by Wheat  
(1979:85).  The mean width for stem fragments is 20.38 mm, compared to 17.61 mm for 
diamond-shaped and 20.06 mm for lenticular points (Tables 5.42-5.44).  Mean stem 
thickness for the fragments is 5.09 mm, compared to 5.41 mm for diamond-shaped points 
and 5.16 mm for lenticular points.  Therefore, the stem thickness measurements for these 
fragments is similar to that for both cross sectional shapes, and stem width is closer to the 
mean for lenticular points. 
 
Midsection and Tip Fragments 
 There are 13 midsections and 8 tip fragments; this sample includes two tips 
(23046 and 23166) that Wheat (1979:85) classified as stemmed knives.  Diamond-shaped 
cross sections occur on 10 midsections and 4 tips, while the remaining 3 midsections and 
4 tips are lenticular.  Four of the diamond-shaped midsection fragments (19567, 19585, 
19592, and SL2-9) are made of quartzite, another four (19573, 19574, 19584, and SL3-
15) are made of jasper, one (23053) is made of Flattop chert, and one (FA13) is made of 
Knife River flint ). The average blade width for diamond-shaped midsections is 17.86 
mm (sd 3.58) and the average blade thickness is 6.23 mm (sd 0.94).  The average blade 
width to thickness ratio is 2.87 (sd 0.43); the minimum is 2.2 on SL2-9, and the 
maximum is 3.53 on 19573.  Of the four diamond-shaped tips, one (19591) is made of 
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jasper, a second (Sl1-12) is made of quartzite, a third (Sl1-231) is made of moss agate, 
and the fourth (23046) is made of Black Forest silicified wood.  The average blade width 
for diamond-shaped tips is 19.98 mm (sd 5.05) and the average blade thickness is 6.1 mm 
(sd 1.64).  The average blade width to thickness ratio is 3.39 (sd 0.99); the minimum is 
2.44 on Sl1-231, and the maximum is 4.70 on 23046. 
Two of the lenticular point midsections (23047 and SL3-16) are made of quartzite and the 
third, (SL1-19), is made of Flattop chert.  The average blade width for the 3 lenticular 
midsections is 19.37 mm (sd 5.84) and the average blade thickness is 5.05 mm (sd 1.46).  
The average blade width to thickness ratio is 3.92 (sd 0.91); the minimum is 2.88 on SL1-
19, and the maximum is 4.37 on SL3-16.  Two of the lenticular tips (23166 and SL2-11) 
are made of Flattop chert, the third (SL3-83) is made of jasper, and the fourth (SL3-14) is 
made of quartzite.  The average blade width of the four lenticular point tips is 23.71 mm 
(sd 5.10) and the average blade thickness is 6.1 mm (sd 1.74).  The average blade width 
to thickness ratio is 4.04 (sd 1.71); the minimum is 2.89 on SL3-83, and the maximum is 
5.66 on 23166.    
 
Projectile Points Originally Classified as Stemmed Knives 
 Wheat (1979:90) proposed that some projectile points were reused as hafted 
knives.  Projectile points were hafted to short, detachable, foreshafts, and they could be 
recovered from spears and used during butchering activities.  One problem with this 
hypothesis is that both the projectile point and the foreshaft would have been coated with 
blood and tissue, making the artifact slippery and difficult to grasp (Muñiz 2005:105).  
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Additionally, Frison (1991:315) argued against Wheat’s interpretation of hafted projectile 
points being used as knives because the hafting element would have required 
modification that would strengthen it to withstand the greater pressures put on knives 
during cutting and sawing activities.  The enlarged bindings would have covered much of 
the surface of the tool so that it would have lacked a sufficient length of sharp edge to 
facilitate cutting bison hide and meat. 
 Muñiz (2005) disagrees with Wheat’s conclusion because diagnostic projectile 
point wear occurred on the central portion of the blade and not on the edges as would be 
expected for knives.  Muñiz (2005:359-374) noted that some of the Jurgens projectile 
points exhibited diagnostic projectile point wear resulting from thrusting impact with 
bone.  These included 19576, 19596, SL1-1, and SL3-15. 
 I analyzed 11 of Wheat’s (1979:85) stemmed knives because in my estimation 
these artifacts are actually projectile points.  This includes 1 complete and 2 incomplete 
points, as well as 3 stem fragments, 1 midsection, and 4 tip fragments.  One tip fragment, 
23046, had a diamond-shaped cross section.  The lenticular point sample includes 1 
complete point (19589) and 2 incomplete points (SL1-8, and SL1-236), 1 midsection 
(SL3-16), and 3 tip fragments (SL2-11, SL3-83, and 23166).  Cross section was not 
recorded on the 3 stem fragments (SL2-7, 23058, and 23059). The complete point, one 
incomplete point (SL1-236), and midsection fragment are made of quartzite.   The other 
incomplete point, SL1-8, and two tip fragments, 23166 and SL2-11, are made of Flattop 
chert.  The third tip, SL3-83 is made of jasper. 
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 Wheat (1979:84) argued that slight differences existed in both the size and overall 
proportions of stemmed knives compared to the projectile points that were not used as 
knives.  The relative blade width of these artifacts is outside 1 standard deviation (mean =  
21.28, sd = 5.1, n = 20) for all projectile points with lenticular cross sections.  In fact, the 
blade width measurement of 31.35 mm for 19589 is the widest recorded from any of the 
lenticular projectile points at the Jurgens site.  The two incomplete points (SL1-8 and 
SL1-236) have width measurements of 27.96 and 29.61 mm, respectively, that is greater 
than 1 standard deviation from the mean.  While the average blade thickness for all 
lenticular points is 6.0 mm (sd 1.06), the same blade thickness measurement of 8.71 mm 
was recorded on both an incomplete point (Sl1-236) and a tip (SL3-83) that Wheat  
classified as stemmed knives.  In conclusion, I found that the artifacts listed above are 
merely relatively wide projectile points and use-wear analysis conducted by Muñiz 
(2005) confirms that these artifacts were used as projectile points rather than as knives.  
 
The Nelson Site Assemblage 
 I examined three projectile points from the Nelson Site.  Three of the four 
projectile points recovered from the site were available for this study.  These include one 
cast and two original specimens that are curated at the Department of Anthropology, 
University of Wyoming.  A projectile point tip made of coarse quartzite was examined by 
Dennis Stanford over 30 years ago, but it has been lost (Kornfeld et al. 2007:264). 
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Table 5.45. The Nelson sample. 
Catalog 
# 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
N20 Eden quartzite tip lenticular n/a 44.26 18.65 5.77       44.26 
N15 A/C II 
petrified 
wood  
almost 
complete diamond yes 52.83 16.56 6.85 15.46 16.18 5.78 37.37 
N19 Eden 
patenated 
chert 
base/midsection 
fragment diamond yes 43.05 19.47 6.14 21.01 17.43 4.55 22.04 
 
 
Table 5.46.  Descriptive statistics for diamond shaped points at the Nelson site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 2 2.91 16.56 19.47 18 1.46 2.06 
Blade 
Thickness 2 0.71 6.14 6.85 6.5 0.36 0.5 
Stem Width 2 1.25 16.18 17.43 16.8 0.63 0.88 
Stem 
Thickness 2 1.23 4.55 5.78 5.17 0.62 0.87 
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Completeness, Cross Section, and Edge Grinding 
  The Nelson sample consists of 2 incomplete points and 1 tip fragment.  Both of 
the incomplete points (N15 and N19) have diamond-shaped cross sections and edge 
grinding on their stems.  The tip (N20) has a lenticular cross section.  The original point 
represented by a cast (N15) was made of Bijou Basin petrified wood (Kornfeld et al. 
2007:264).  It has a stem with ground edges and the blade terminates in an impact 
break.    Kornfeld and colleagues (2007:264) assigned N15 to the Eden type because of 
its diamond-shaped cross section; however, they also report that it has a pattern of wide, 
nonoverlapping, flake scars that Bradley and Frison (1987:204) attribute to the 
Alberta/Cody II type.  The second incomplete projectile point (N19) also has a stem 
with ground edges and a diamond-shaped blade that terminates in an impact break.  The 
lithic raw material is highly patinated, but Kornfeld et al. (2007:265) tentatively 
identified it as a tan, nearly translucent chert from the local White River Formation. 
 The average blade width is 18.02 mm (sd 2.06), and the average blade thickness 
is 6.5 mm (sd 0.5).  The average ratio of blade width to thickness is 2.79 (sd 0.53); the 
minimum is 2.41 on N15, and the maximum is 3.17 on N19.  The average stem width is 
16.81 mm (sd 0.88) and the average stem thickness is 5.17 mm (sd 0.87).  The average 
ratio of stem width to thickness is 3.32 (sd 0.83); the minimum is 2.8 on N15 and the 
maximum is 3.80 on N19.   
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 Tip Fragment  
 The tan, coarse-grained, quartzite tip fragment (N20) exhibits transmedial 
flaking and has a lenticular cross section.  It has a snap break resulting from impact on 
its proximal margin.  After it was broken, it was resharpened for use as a knife 
(Kornfeld et al. 2007:265). It is 18.65 mm wide, 5.77 mm thick, and has a blade width 
to thickness ratio of 3.23. 
 
The Olsen-Chubbuck Site Assemblage 
 I examined the portion of the Olsen-Chubbuck assemblage that is curated at the 
University of Colorado Museum.  This subset, hereafter designated by museum catalog 
numbers, consisted of 9 points and 4 fragments (Wheat 1972:125).  I removed a 
preform, three small fragments, and two Archaic corner-notched points (Wheat 
1972:138-139) from my analysis.  An additional 13 complete and fragmentary projectile 
points described by Wheat (1972:125) were found and retained by Sigurd Olsen and 
Jerry Chubbuck and were not available for this study.  Since I excluded 6 artifacts and 
13 others were not available for study, all subsequent analyses of the Olsen-Chubbuck 
assemblage are limited to 7 projectile points and fragments. 
 Wheat (1972:132) designated projectile points from Olsen-Chubbuck as 
belonging to either the Firstview or San Jon types.  The subset in my analysis is also 
split between these types.  He assigned two complete points (10972 and 10482) to the 
Firstview type, and two other complete points (10485 and 10483) and a stem fragment 
(10487) to the San Jon type.  Wheat did not report types for two incomplete points 
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lacking catalog numbers that I refer to using descriptive artifact labels in the museum 
records (Base 1 and Fragment ¼). 
 
Raw Material 
 Wheat (1972:126) separated chert artifacts into several classes based on color 
including pale gray flint, variegated chert, and gray chalcedony.  I followed Muñiz 
(2005:197) and collapsed Wheat’s several designations for different colors of local 
chert into a single category for unidentified chert.  The entire assemblage contained 7 
projectile points made of unidentified chert, but I only examined 2 projectile points 
(10482 and Base 1) in this category.  The entire assemblage contained 2 projectile 
points made of petrified wood, possibly from the Black Forest source south of Denver, 
but I only examined one (10972).  Wheat (1972:126) separated quartzite artifacts into 
tan and gray categories, and I examined one incomplete point (10485) made of gray 
quartzite.  Two projectile points were made of a fine-grained basalt from an unknown 
source, but only one of the two, 10483, was available for this study.  I examined one 
stem fragment (10487) made of Alibates dolomite.  Projectile points described by 
Wheat as Knife River flint were not available for study. 
 
Completeness, Cross Section, and Edge Grinding  
 The subset of 7 projectile points that I examined included 4 complete and 2 
incomplete points, and one stem fragment. There are 3 diamond-shaped and 3 lenticular 
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points.  One San Jon point, 10485, has a diamond-shaped cross-section and is made of 
quartzite; the other, 10483, is a lenticular cross-section point made of fine-grained 
basalt.  One Firstview point (10972) has a diamond-shaped cross-section and is made of 
petrified wood.  A point with a diamond-shaped cross-section, 10482, is made of gray 
flint; it has diagnostic wear on the hafting element and use wear on the blade from 
impact with a hard material such as bone (Muñiz 2005:330).  Edge grinding is present 
on 3 diamond-shaped and 2 lenticular points, and 1 stem fragment.  It is absent on 1 
lenticular point fragment, Base 1.   
 
Complete and Incomplete Points with Diamond-Shaped Cross Sections 
 The diamond-shaped sample includes 3 complete points (10482, 10485, and 
10972).  The average blade width is 21.55 mm (sd 1.73) and the average blade thickness 
is 7.31 mm (sd 1.09).  The average blade width to thickness ratio is 3.02 (sd 0.75); 
minimum is 2.50 on 10972 and the maximum is 3.88 on 10485.  The average stem 
width is 20.32 mm (sd 2.39), and the average stem thickness is 5.03 mm (sd 0.78).  The 
average stem width to thickness ratio is 4.08 (sd 0.53); minimum is 3.50 on 10482 and 
the maximum is 4.56 on 10485. 
  
Complete and Incomplete Points with Lenticular Cross Sections 
 The lenticular point sample includes 1 complete point (10483) and 2 incomplete 
points (Base 1 and Fragment 1/4).  The average blade width is 21.55 mm (sd 6.25), and  
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Table 5.47. The Olsen-Chubbuck sample. 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
10487 San Jon 
Alibates 
dolomite base   yes       11.98 17.28 4.92   
fragment 1/4 
 
chert 
base and part of 
blade lenticular yes 25.38 22.4 6.67 15.76 18.01 6.36 9.62 
base 1 
 
chert 
base and part of 
blade lenticular no 18.68 14.92 4.1 11.37 10.63 4.26 7.31 
10483 San Jon 
fine-
grained 
basalt complete lenticular yes 82.73 27.32 8.35 15.69 26.03 5.43 67.04 
10485 San Jon quartzite complete diamond yes 80.21 23.49 6.06 18.4 22.66 4.97 61.81 
10482 Firstview flint complete diamond yes 71.35 21.01 7.8 14.68 20.43 5.83 56.67 
10972 Firstview 
petrified 
wood  complete diamond yes 65.06 20.16 8.07 11.54 17.88 4.28 53.52 
 
Table 5.48.  Descriptive statistics for diamond shaped points at the Olsen-Chubbuck site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 3 3.33 20.16 23.49 21.6 1 1.73 
Blade 
Thickness 3 2.01 6.06 8.07 7.31 0.63 1.09 
Stem Width 3 4.78 17.88 22.66 20.3 1.38 2.39 
Stem 
Thickness 3 1.55 4.28 5.83 5.03 0.45 0.78 
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Table 5.49.  Descriptive statistics for lenticular points at the Olsen-Chubbuck site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 3 12.4 14.92 27.32 21.6 3.6 6.24 
Blade 
Thickness 3 4.25 4.1 8.35 6.37 1.24 2.14 
Stem Width 3 15.4 10.63 26.03 18.2 4.45 7.7 
Stem 
Thickness 3 2.1 4.26 6.36 5.35 0.61 1.05 
 
 
the average thickness is 6.37 mm (sd 2.14).  The average blade width to thickness ratio is 
3.42 (sd 0.19); the minimum is 3.27 on 10483, and the maximum is 3.64 on Base 1.  The 
average lenticular stem width is 18.22 mm (sd 7.70), and the average stem thickness is 
5.35 mm (sd 1.05).  The average stem width to thickness ratio is 3.37 (sd 1.24); the 
minimum is 2.50 on Base 1 and the maximum is 4.79 on 10483. 
 
Stem Fragment 
 The single stem fragment, 10487, was assigned to the San Jon type by Wheat. It 
has edge grinding and is made of Alibates dolomite.  It is 17.28 mm wide, 4.92 mm thick, 
and has a width to thickness ratio of 3.51.  Diagnostic use wear from hafting was 
identified on this basal fragment by Muñiz (2005:330). 
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The Blackwater Draw Site Assemblage 
  I examined a total of 27 projectile points and fragments with the morphological 
characteristics of artifacts belonging to the Cody Complex (Table 5.50).  In Chapter 4, I 
described both the mixed stratigraphy of the parallel-flaked horizon containing the Cody 
complex (Hester 1972) and the wide range of radiocarbon dates for units of the bone bed 
(Johnson and Holliday 1997).   Following Hester (1972:136-137), I examined 21 
projectile points found in the Carbonaceous Silt including eight that were found in situ 
within the bone bed at Station E, and six projectile points with the distinctive 
morphological traits of the Cody complex that were recovered from the gravel dump and 
lacked provenience.  The Texas Memorial Museum catalog records sometimes contain 
contradictory provenience information for the same artifact.  One example of this record-
keeping confusion is TMM937-21, which was classified as Portales on the inventory and 
later listed as Scottsbluff by Hester.  While TMM937-326 has the characteristic diamond-
shaped cross section of an Eden point, it was classified as Plainview level on the tag, and 
the inventory indicated that it was found in the gravel dump. 
 Typological assignments for projectile points differed when comparing the TMM 
inventory against the map of in situ artifacts at Station E (Hester 1972:36-40).  For 
example, TMM937-62 was listed as both Milnesand and Yuma/Portales.  Sellards 
(1952:72-74) identified Scottsbluff, Eden, Milnesand, and Portales points. Other type 
designations include reworked Portales (TMM 937-5), and parallel-flaked  (TMM937-
326).  Finally, nine points and fragments were not assigned to a type on the TARL 
inventory sheets or on Hester’s (1972) map and appendix. 
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Table 5.50.  The Blackwater Draw sample. 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
TMM937-22 Milnesand  
Edwards 
chert 
base and most 
of blade diamond yes 76.88 23.1 7.25 22.15 22.12 6.48 54.73 
Tmm937-67 Eden chert 
base and most 
of blade diamond yes 46.27 18.04 6.05 24.55 17.47 5.24 21.72 
TMM937-578 
 
quartzite 
base and part of 
blade diamond yes 52.87 17.82 5.67 16.78 18.85 5.74 36.09 
TMM 937-32 Milnesand  
Edwards 
chert complete diamond yes 95.32 25.16 8.08 24.83 23.23 7.05 70.49 
TMM937-34 Scottsbluff chert complete diamond yes 70.82 17.26 6.26 11.49 16.34 5.16 59.33 
TMM937-80 Scottsbluff jasper complete diamond yes 45.83 18.72 5.03 10.2 14.14 5.02 35.63 
TMM 937-17 Eden chert midsection diamond n/a 44.54 17.28 6.43 
   
44.54 
TMM937-684(74) 
 
chert midsection diamond n/a 42.98 20.57 6.3 
   
42.98 
TMM937-570 
 
rhyolite midsection diamond n/a 29.51 16.28 5.29 
   
29.51 
TMM 937-26 Eden 
Edwards 
chert 
part of base and 
blade diamond yes 110.01 18.57 8.44 17.21 19.37 8.45 92.8 
TMM937-326 
parallel 
flaked 
Edwards 
chert 
part of base and 
blade diamond no 88.58 23.15 5.85 11.49 21.19 5.38 77.09 
TMM937-62 
Milnesand, 
tmm 
inventory 
Yuma 
Portales  
Edwards 
chert 
part of base and 
blade diamond yes 69.21 23.85 7.95 16.63 22.21 7.26 52.58 
TMM937-33 
 
chert tip diamond n/a 54.58 22.71 7.36 
   
54.58 
TMM937-302 portales 
Edwards 
chert tip diamond n/a 49.83 20.61 6.92 
   
49.83 
TMM937-281 Eden chert tip diamond n/a 47.44 28.55 6.62 
   
47.44 
TMM937-13 Milnesand  
Edwards 
chert 
base and most 
of blade lenticular yes 73.16 26.2 6.83 17.1 24.71 5.78 56.06 
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Table 5.50.  The Blackwater Draw sample (continued). 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
TMM937-21 
Portales on 
TMM 
inventory 
Hester 
Scottsbluff jasper 
base and part of 
blade lenticular yes 56.7 24.55 6.11 19.46 23.02 5.72 37.24 
TMM937-68 Scottsbluff 
Edwards 
chert 
base and part of 
blade lenticular yes 43.78 21.27 5.28 17.48 20.06 4.99 26.3 
TMM937-776(16) 
 
chert 
base and part of 
blade lenticular yes 27.09 17.9 3.76 9.87 14.67 2.48 17.22 
Tmm937-79 Scottsbluff chert complete lenticular yes 84.19 23.23 9.82 23.32 23.14 8.05 60.87 
TMM937-5 
reworked 
Portales 
Edwards 
chert complete lenticular yes 27.95 15.69 5.38 12.18 17.11 5.11 15.77 
tmm937-284 
 
chert midsection lenticular n/a 22.68 16.9 2.95 
   
22.68 
TMM937-684K 
 
chert tip lenticular n/a 49.13 20.42 6.48 
   
49.13 
TMM937-684(74) 
 
jasper tip lenticular n/a 29.18 26.93 8 
   
29.18 
TMM937-78 
 
chert tip lenticular n/a 26.19 21.57 3.76 
   
26.19 
TMM937-23 Portales obsidian tip lenticular n/a 26 20.47 6.9 
   
26 
tmm937-684   chert tip lenticular n/a 22.83 22.99 3.99       22.83 
 
Table 5.51.  Descriptive statistics for diamond-shaped points at the Blackwater draw site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 15 12.27 16.28 28.55 20.8 0.91 3.53 
Blade 
Thickness 15 3.41 5.03 8.44 6.63 0.26 1.02 
Stem Width 9 9.09 14.14 23.23 19.4 1.02 3.05 
Stem 
Thickness 9 3.43 5.02 8.45 6.2 0.4 1.19 
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Raw material 
 Hester (1972:142) reported the presence of Edwards chert, Alibates dolomite, 
Tecovas jasper, obsidian, basalt, Dakota quartzite, and sources of local chert, quartzite, 
and jasper.  Accordingly, my raw material counts taken from Hester’s appendix are as 
follows: Edwards chert (n = 9), jasper (n = 3), obsidian (n = 1), rhyolite (n = 1), local 
chert (n = 12), and local quartzite (n = 1).  
 
Completeness, Cross Section, and Edge Grinding 
  The Blackwater Draw sample includes 5 complete and 10 incomplete projectile 
points, 4 midsection and 8 tip fragments.  The projectile point assemblage is almost 
equally divided between diamond-shaped (n = 15) and lenticular cross sections (n = 12).  
Edge grinding is present on 8 diamond-shaped and 6 lenticular points.  Only one 
diamond-shaped point (TMM937-326) lacks ground edges.  There are 3 midsections and 
3 tip fragments with diamond-shaped cross sections, while 1 midsection and 5 tip 
fragments have lenticular cross sections. 
  
 Complete and Incomplete Points with Diamond-shaped Cross Sections 
 There are 9 diamond-shaped projectile points including 3 complete and 6 
incomplete points.  The average blade width is 20.63 mm (sd 3.11), and the average blade 
thickness is 6.73 mm (sd 1.22).  The average blade width to thickness ratio is 3.12 (sd 
0.51); the minimum is 2.20 on TMM937-26, and the maximum is 3.96 on TMM937-326.  
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The average stem width is 19.44 mm (sd 3.05), and the average stem thickness is 6.19 
mm (sd 1.19).  The average stem width to thickness ratio is 3.18 (sd 0.45); the minimum 
is 2.29 onTMM937-26, and the maximum is 3.41 on TMM937-22.  
 
Complete and Incomplete Points with Lenticular Cross Sections 
 The lenticular sample includes 2 complete and 4 incomplete points. The average 
blade width is 21.47 mm (sd 3.68), and the average blade thickness is 6.20 mm (sd 2.05).  
The average blade width to thickness ratio is 3.65 (sd 0.86); the minimum is 2.36 
onTMM937-79, and the maximum is 4.76 on TMM937-776(16).  The average stem 
width is 20.45 mm (sd 3.92), and the average stem thickness is 5.35 mm (sd 1.79).  The 
average stem width to thickness ratio is 4.08 (sd 1.04); the minimum is 2.87 on 
TMM937-79 and the maximum is 5.92 on TMM937-776(16). 
 
Midsection and Tip Fragments 
 The Blackwater Draw sample includes 3 midsections and 3 tip fragments that are 
diamond-shaped in cross-section and 1 midsection and 5 tip fragments that are lenticular 
in cross-section.  The average blade width for diamond-shaped midsections is 18.04 mm 
(sd 2.24), and the average blade thickness is 6.01 mm (sd 0.62).  The average blade width 
to thickness ratio is 3.01 (sd 0.29); the minimum is 2.68 on TMM937-17, and the 
maximum is 3.27 on TMM937-684(74).  The average blade width for diamond-shaped 
tips is 23.96 mm (sd 4.11), and the average blade thickness is 6.97 mm (sd 0.37).  The 
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average blade width to thickness ratio is 3.46 (sd 0.74); the minimum is 2.98 on 
TMM937-302, and the maximum is 4.31 on TMM937-281.  There is only 1 lenticular 
midsection, TMM937-284; it measures 16.9 mm wide, 2.95 mm thick, and has a blade 
width to thickness ratio of 5.72.  The average blade width for the lenticular tips is 22.48 
mm (sd 2.71), and the average blade thickness is 5.83 mm (sd 1.87).  The average blade 
width to thickness ratio is 4.2 (sd 1.42); the minimum is 3.15 on TMM937-684K, and the 
maximum is 5.76 on TMM 937-684. 
 
Table 5.52.  Descriptive statistics for lenticular points at the Blackwater Draw sample. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 12 11.24 15.69 26.93 21.5 1.02 3.52 
Blade 
Thickness 12 6.87 2.95 9.82 5.77 0.58 2 
Stem Width 6 10.04 14.67 24.71 20.5 1.6 3.92 
Stem 
Thickness 6 5.57 2.48 8.05 5.36 0.73 1.79 
 
 
The San Jon Site Assemblage 
 I examined three projectile points from the San Jon site (LA6437).  Two points, 
447948 and 447951, were recovered during the Smithsonian Institution excavations 
(Roberts 1942) and they are curated at the National Museum of Natural History.  The 
projectile point for which the San Jon type was named is 447948; it is an incomplete 
point made of Alibates dolomite.  The incomplete point, 447951, is made of Edwards 
chert.  It was designated as an “Eden Valley Yuma” point, but its morphology is identical 
to that of the San Jon type specimen. The third projectile point was collected by Frank 
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Hibben of the University of New Mexico and is in the collections of the Maxwell 
Museum of Anthropology, accession number 40.17.6.  This complete point was made on 
a pale gray quartzite, and it has extensive damage along the lateral margins. It is heavily 
reworked and measures 30.3 mm long; it is shorter than both of the incomplete points, 
which measure 44.34 mm and 69.8 mm on 447951 and 447948, respectively. 
 
Completeness, Cross Section, and Edge Grinding 
  All three projectile points have a diamond-shaped cross section in my estimation, 
but Hill et al. (1995:382) describe 447951 as having a lenticular cross section.  One 
projectile point is complete and two are incomplete.  Ground edges are present on all 
three projectile points. 
  
Complete and Incomplete Points with Diamond-shaped Cross Sections 
 The average blade width is 19.44 mm (sd 1.95), and the average blade thickness is 
6.39 mm (sd 0.43).  The average blade with to thickness ratio is 3.04 (sd 0.27); the 
minimum is 2.76 on 447948, and the maximum is 3.3 on 447951.  The average stem 
width is 18.39 mm (sd 0.91), and the average stem thickness is 5.66 mm (sd 0.58).  The 
average stem width to thickness ratio is 3.26 (sd 0.27); the minimum is 3.07 on 447948, 
and the maximum is 3.48 on 40.17.6. 
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Table 5.53.  The San Jon sample. 
Catalog # 
Previous 
Type 
Raw 
Material Completeness 
Cross 
Section 
Edge 
Grinding 
Overall 
Length 
Blade 
Width 
Blade 
Thickness 
Stem 
Length 
Stem 
Width 
Stem 
Length 
Blade 
Length 
447951 
Eden Valley 
Yuma 
Edwards 
chert 
base and most of 
blade diamond yes 68.93 21.68 6.57 14.52 19.18 5.93 54.41 
447948 
San Jon (type 
specimen) 
Alibates 
agate.  
base and most of 
blade diamond yes 44.34 18.53 6.71 17.93 18.59 6.06 26.41 
40.17.6   quartzite complete diamond yes 30.3 18.1 5.9 10.7 17.4 5 19.6 
 
 
Table 5.54.  Descriptive statistics for diamond-shaped points at the San Jon site. 
  N Range Minimum Maximum Mean 
Std. 
Error 
Std. 
Deviation 
Blade Width 3 3.58 18.1 21.68 19.4 1.13 1.95 
Blade 
Thickness 3 0.81 5.9 6.71 6.39 0.25 0.43 
Stem Width 3 1.78 17.4 19.18 18.4 0.52 0.91 
Stem 
Thickness 3 1.06 5 6.06 5.66 0.33 0.58 
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 In this chapter, I have described the qualitative and quantitative characteristics of 
13 projectile point assemblages; all of the assemblages were recovered from different 
archaeological sites.  Qualitative analysis consisted of calculating frequencies for 
variables such as lenticular or diamond-shaped cross section and presence or absence of 
edge grinding on the stems of projectile points.  I also reported the color and type of raw 
material for each projectile points.  Quantitative analyses included descriptive statistics 
for width and thickness measurements taken on the stem and shoulders of projectile 
points. I also calculated the average width of flake scars on the blade of projectile points.  
With the results of these separate analyses for each site, I now turn to consideration of my 
five original hypotheses and present results of my hypotheses testing in the next chapter.  
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Chapter 6 
Discussion and Conclusions 
 In this chapter, I will summarize the five hypotheses that I developed to explain 
the morphological variability that I observed in Cody Complex projectile point 
assemblages from 13 sites.  The projectile point assemblages were described in Chapter 5 
and they provide the data that I used to evaluate these hypotheses.  The first hypothesis 
tests whether or not the variability in projectile point assemblages differs between single 
and multiple-component sites. The second hypothesis compares morphological variability 
in projectile point assemblages recovered from sites for which context is insufficient to 
determine the number of components that are present in comparison to projectile point 
assemblages from either single or multiple component sites.  The third hypothesis 
evaluates the likelihood of geographic differences affecting variation among projectile 
points from large geographic regions, specifically the distinction that Wheat (1972, 
1979), made between the Firstview Complex that he proposed for the Central and 
Southern Plains and the Cody Complex found on the Northwestern and Northern Plains.  
I also assessed the similarities seen between projectile points from sites within the South 
Platte watershed in northeastern Colorado because, as I explained in Chapters 3 and 4, 
opinions differ about which assemblages belong to the Firstview and Cody Complexes.  
A fourth hypothesis compares projectile point assemblages from older and younger sites.  
The fifth hypothesis assumes that no differences can be attributed to either the number of 
components in a site, its geomorphic context, or the spatial or temporal distribution of 
Cody Complex projectile points.  In Chapter 2, I proposed that the widespread 
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distribution of similar artifacts might have been the result of conservative cultural 
transmission (Boyd and Richerson 1985; MacDonald 1998, 2010).  In addition to my 
hypotheses, I discussed morphological variability introduced by rejuvenating broken 
projectile points.  Finally, I will discuss my results in terms of the single reduction 
sequence for Eden and Scottsbluff points proposed by Bradley and Stanford (1987). 
 Before conducting the analysis presented in this chapter, I separated projectile 
points into groups of diamond-shaped or lenticular cross sections just as I did for analyses 
presented in the previous chapter.  At times, I aggregated data for small assemblages into 
larger samples to correct for biases of small sample sizes (Cowgill 1968; Drennan 1996), 
and I have clearly indicated these aggregated samples.  I examined both the quantitative 
and qualitative attributes of these site assemblages using statistical techniques such as 
linear regression, ANOVA, and t-tests for quantitative data. I used the chi-square test for 
frequency data on qualitative attributes to compare observed versus expected frequencies.  
Most of the discussion below explains results from the analysis of complete and 
incomplete points having some portion of stem and blade, as defined in Chapter 5.  I will 
give results of analysis on stem, midsection, and tip fragments where they support the 
discussion.      
 
Hypothesis 1 
Assemblages of projectile points from single occupational components at buried sites 
should have a narrow range of variation, both in metric dimensions and in proportion of 
similar qualitative attributes when compared to multiple component sites with projectile 
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point assemblages having a greater amount of morphological variability.  Table 3.1 
shows that single component sites are generally kill or butchering sites whereas multiple 
component sites often are associated with camps. 
 The artifacts recovered from single component sites were likely produced by “a 
single group of people at a specific point in time” (Bradley and Frison 1987:202).  
Temporal control can be demonstrated with reliable radiocarbon dates or stratigraphy.  
Seasonality data previously recorded on bison dentition can provide supporting evidence 
for short-term occupation of kill sites such as Olsen-Chubbuck (Todd et al. 1990).  I 
classified the following sites as single component: Frasca (Fulgham and Stanford 
1982:7), Horner II (Frison 1987:95-96), Hudson-Meng (Agenbroad 1978:15), and Olsen-
Chubbuck (Wheat 1972:123).  The samples of projectile points and fragments recovered 
from single component sites are small, ranging from 7 at Olsen-Chubbuck and 8 at Frasca 
to 17 at Hudson-Meng and 23 at Horner II.  The Hudson-Meng sample used in this 
analysis is limited to projectile points that Agenbroad excavated prior to 1978; I did not 
examine artifacts recovered by later excavations. 
 Multiple component sites are assumed to contain projectile points made by two or 
more social groups (families, bands, or a group of bands).  I expected that the 
morphological variability in projectile points found at multiple component sites should be 
greater than that found in projectile point assemblages from single component sites.  The 
multiple component sites of Blackwater Draw, Carter/Kerr-McGee, and Hell Gap are 
composed of discrete temporal units such as several Paleoindian complexes.  Other 
multiple component sites, such as Horner I (Todd et al. 1987:40-41), Jurgens (Wheat 
1979:11), and Hell Gap (Larson and Kornfeld 2009:4) have discrete geographical loci 
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that belong to the Cody Complex. This analysis is limited to complete and incomplete 
projectile points. 
 First, I graphed the relationships among width and thickness variables by using 
linear regression to compare measurements of individual projectile points from single and 
multiple component sites (Figures 6.1 and 6.2).  The results of linear regression are 
reported as a value between 0, a perfect fit, and 1, no fit, (Drennan 1996:215).  Width and 
thickness variables at single component sites tend to have moderately-strong correlations 
(r2 = 0.42 for projectile point blades, and 0.53 for stems), while multiple component sites 
have almost no relationship (r2 = 0.10 for projectile point blades, and 0.20 for stems).  
The stronger correlation between width and thickness measurements at single component 
sites may have occurred because projectile points were manufactured by fewer 
flintknappers in a shorter time, while multiple component sites include projectile points 
made by a larger number of flintknappers over a longer period. 
 After exploring linear relationships among width and thickness measurements for 
individual projectile points, I used the t test to compare projectile point assemblages from 
single and multiple component sites.  The diamond-shaped cross-section sample includes 
13 points from single and 78 points from multiple component sites.  None of the width 
and thickness variables are statistically significant, and p-values range from 0.06 for stem 
width to 0.13 for stem thickness.  Table 6.1 shows that the average measurements for 
each group only differ by 1-2 mm. 
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 The comparison for points with lenticular cross-sections is more complicated 
because it is influenced by temporal differences among projectile point types that will be 
presented under Hypothesis 4 below.  The single component sample includes the Alberta 
type found at Hudson-Meng that is older than other projectile point types in the Cody 
Complex, and it is much wider than other lenticular points.  Therefore, I was not 
surprised to find that inclusion of the Hudson-Meng sample affected the results of 
hypothesis testing based on single or multiple component sites.  I ran the analysis of 
lenticular points twice; first I included the Hudson-Meng sample (n = 10) and then I 
excluded it from the same procedure. 
 In my first analysis, I compared 26 lenticular projectile points from single and 66 
from multiple component sites.  Table 6.1 shows that most width and thickness variables 
are statistically significant.  The comparison of blade width measurements was highly 
significant, p<0.001.  The average blade width for single component sites is 26.22 mm, 
and the average for multiple component sites is 21.17 mm. Blade thickness difference is 
also significant, with a p-value of 0.01.  The single component average thickness is 7.01 
mm, and the multiple component average is 5.84 mm.  Stem thickness differences were 
also significant, with a p-value of 0.007; the single component average is 5.78 mm and 
the multiple component average is 5.17 mm.  Stem width differences were not 
significant, as shown by a p-value of 0.29; the single component average is 19.67 mm 
and the multiple component average is 18.8 mm. 
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 In my second analysis, I removed the Hudson-Meng assemblage and compared 
the single components of Horner II and Olsen-Chubbuck (n = 16) to the same sample of 
lenticular points from multiple component sites.  Table 6.1 shows that there is no 
statistically significant difference between the blade widths of lenticular points from 
single or multiple component sites when Hudson-Meng is excluded from the single 
component sample.  Removing Hudson-Meng produces a t-test result for point width that 
is not significant, p=0.49, with a single component average blade width of 22.03 mm and 
a multiple component average of 21.17 mm.  Blade thickness comparisons were not 
significantly different either, with a p=0.1; single component sites have points that 
average 6.4 mm in thickness and multiple component sites have average thicknesses of 
5.84 mm.  Stem width showed no statistically significant differences (p=0.27) between 
the two groups; it averages 17.77 mm for single component sites and 18.8 mm for 
multiple component sites.  Stem thickness also does not differ significantly, with a p-
value of 0.96; it averages 5.18 mm for single component sites and 5.17 mm for multiple 
component sites.  These results indicate that the initial test including Hudson-Meng was 
statistically significant because it was based on morphological variation produced by 
temporal differences rather than morphological variation caused by the number of 
components at a site. 
 After I characterized differences in metric dimensions for projectile points from 
single and multiple component sites, I examined variation in qualitative attributes.  I used 
the chi-square test to assess differences in the relative frequency of points with diamond-
shaped or lenticular cross-sections, and the presence or absence of edge grinding.  The 
chi-square test compares the observed proportion of each attribute and the expected 
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proportion at which it would occur in a population (Drennan 1996:187-189).  Following 
Drennan (1996:197-198), I conducted a Fisher’s Exact test because it is an alternative 
procedure for calculating statistical significance when small sample sizes would cause the 
chi-square test to yield unreliable results. 
 The Fisher’s Exact test results in statistically significant differences between the 
proportions of diamond-shaped and lenticular points from single component sites, with a 
p-value <0.001.  All projectile points from Hudson-Meng are lenticular, while only 
diamond-shaped projectile points were recovered at Frasca.  Both lenticular and 
diamond-shaped projectile points were found at Olsen-Chubbuck and Horner II.  A 
similar result was calculated for the proportion of diamond-shaped and lenticular points 
from multiple component sites (p=0.004).  The multiple component site assemblages 
generally contain both diamond-shaped and lenticular points, but Nelson and San Jon are 
exceptions to this statement.  Small samples of three diamond-shaped points were 
recovered from both Nelson and San Jon; however, Nelson has not been excavated 
(Kornfeld et al. 2007:275), and erosion exposed artifacts at San Jon (Hill et al. 1995:370). 
 Another Fisher’s Exact test was conducted to compare the frequencies at which 
edge grinding occurred in single and multiple component sites.  There is no significant 
difference in the proportion of edge grinding observed for single component sites, with a 
p-value of 0.13.  Likewise, the relative frequencies of presence or absence of edge 
grinding are not significant at multiple component sites, with a p-value of 0.22.  
Generally, projectile point assemblages from multiple and single component sites are 
similar in qualitative attributes because while the proportion of edge grinding is not 
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statistically significant, there are differences in the relative frequencies of diamond-
shaped and lenticular points.  
 
Figure 6.1 The relationship of width and thickness variables of projectile points 
recovered from single component sites. 
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Figure 6.2  The relationship of width and thickness variables of projectile points 
recovered from multiple component sites. 
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Table 6.1 Comparison of projectile point measurements from single or multiple component sites. 
Cross 
Section Variable Component(s) N Mean (mm) Variance 
P(T<=t) two-
tail 
D
ia
m
on
d 
Blade Width 
single 13 20.8 10.02 0.07 
multiple 78 19.15 9.09   
Blade 
Thickness 
single 13 7.06 1.04 0.11 
multiple 78 6.66 0.63   
Stem Width 
single 13 18.8 5.17 0.06 
multiple 77 17.37 6.63   
Stem Thickness 
single 13 5.21 0.8 0.13 
multiple 77 5.62 0.78   
L
en
ti
cu
la
r 
Blade Width 
all single 26 26.22 49.49 <0.001 
exclude Hudson-
Meng 16 22.03 19.81 0.49 
multiple 65 21.17 20.02   
Blade 
Thickness 
all single 26 7.01 1.72 0.0001 
exclude Hudson-
Meng 16 6.4 1.11 0.1 
multiple 65 5.84 1.49   
Stem Width 
all single 26 19.67 18.42 0.29 
exclude Hudson-
Meng 16 17.77 15.15 0.27 
multiple 66 18.8 9.96   
Stem Thickness 
all single 26 5.78 0.99 0.007 
exclude Hudson-
Meng 16 5.18 0.42 0.96 
multiple 66 5.17 0.9   
 
Hypothesis 2 
 Projectile points from disturbed contexts might exhibit a greater range of 
morphological variation than that recorded for single component sites.  These projectile 
points, like assemblages from multiple component sites, were probably manufactured at 
different times by members of distinct social groups.  My study includes two sites that are 
found in disturbed geomorphic settings: Claypool, located in a deflation basin, and 
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Finley, where eolian processes exposed artifacts in a dune field (Haspel and Frison 
1987:489; Satterthwaite 1957).  Since Hypothesis 2 is similar to Hypothesis 1, I used 
similar statistical tests to compare morphological variability of projectile points from 
sites in disturbed geomorphic contexts to assemblages recovered from both single and 
multiple component sites.  My expectation was that the buried single component sites 
would have the least variation in their quantitative and qualitative attributes, but 
projectile points from sites in disturbed geomorphic settings would exhibit greater 
variability that is more similar to assemblages from multiple component sites. 
 I used the ANOVA procedure to assess the probability that the average width and 
thickness measurements for each of the three samples could have been drawn from the 
same statistical population (Drennan 1996:171).  The samples of diamond-shaped 
projectile points include 13 from single component sites, 78 from multiple component 
sites, and 33 from sites in disturbed geomorphic settings.  Table 6.2 shows that there is no 
statistically significant difference in width and thickness measurements for the three 
groups; the p-values are all at or above 0.05.  Therefore, the number of components 
present at a site, and the geomorphic context in which the site was located did not affect 
measurements for diamond-shaped projectile points.   
Analysis of width and thickness measurements for lenticular points separated by site 
component or geomorphic setting is less reliable because sample sizes are smaller than 
those for diamond-shaped points.  The lenticular sample includes 6 points from sites in 
disturbed geomorphic settings, 16 points from single component sites, and 65 from 
multiple component sites.  The results from this ANOVA indicate that there are no 
statistically significant differences between width and thickness measurements for these 
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three groups.  The p-values range from 0.26 for blade thickness to 0.66 for stem thickness 
(Table 6.2). 
 
Table 6.2 Analysis of Variance (ANOVA) for site components. 
Cross 
Section Variable Component  N Mean (mm) Variance 
F(T<=t) two-
tail 
D
ia
m
on
d 
Blade Width 
single 13 20.8 10.03 
0.05 
multiple 78 19.15 9.09 
disturbed 33 18.43 7.81 
Blade Thickness 
single 13 7.06 1.04 
0.27 
multiple 78 6.66 0.63 
disturbed 33 6.7 0.65 
Stem Width 
single 13 18.8 5.17 
0.14 
multiple 77 17.37 6.63 
disturbed 32 17.17 7.12 
Stem Thickness 
single 13 5.21 0.8 
0.19 
multiple 77 5.62 0.78 
disturbed 31 5.32 0.49 
L
en
ti
cu
la
r 
Blade Width 
single 16 22.03 19.81 
0.29 
multiple 65 21.17 20.09 
disturbed 6 24.07 20.24 
Blade Thickness 
single 16 6.4 1.11 
0.26 
multiple 65 5.84 1.49 
disturbed 6 5.79 2.22 
Stem Width 
single 16 17.77 15.15 
0.44 
multiple 65 18.8 9.96 
disturbed 6 19.38 0.68 
Stem Thickness 
single 16 5.18 0.42 
0.66 
multiple 65 5.17 0.9 
disturbed 6 4.82 0.93 
 
 Once again, I used Fisher’s Exact tests to evaluate the relative frequencies of 
points with diamond-shaped or lenticular cross-sections and the presence or absence of 
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edge grinding.  The tests indicate that there is no significant difference for proportion of 
lenticular or diamond-shaped points (p = 0.38), or the presence or absence of edge 
grinding (p = 0.41).  These results may reflect the possibility that projectile point 
assemblages from sites located in disturbed geomorphic settings are similar to those from 
multiple component sites because the assemblages were produced by two or more social 
groups.    
 
Hypothesis 3 
 Projectile points from contemporaneous sites within a geographic region should 
exhibit greater homogeneity than points recovered from contemporary sites in different 
regions. It is probable that social groups within a geographic region would have had 
periodic contact with each other.  If such interactions took place, flintknappers might 
have had opportunities to learn to produce similar artifacts.  I consider the hypothesis of 
contact between contemporaneous social groups for both larger and smaller geographic 
regions.  First I will address the distinctiveness of Wheat’s (1972) Firstview Complex for 
Southern Plains sites compared to the Cody Complex on the Northern Plains.  Then I will 
focus my discussion on three sites in an approximately 100 km2 area of the Colorado 
piedmont, a topographic and structural basin that separates the Rocky Mountains from 
the High Plains in Nebraska (Holliday 1987).  It is the physiographic setting for two sites 
assigned to the Cody Complex—Frasca (Fulgham and Stanford 1982) and Nelson 
(Kornfeld et al. 2007)—and a third site, Jurgens, that Wheat (1979) included in his 
Firstview Complex. 
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 In Chapter 3, I explained that Wheat (1972:154) proposed the Firstview Complex 
as the Central and Southern Plains equivalent of the Cody Complex on the Northern 
Plains.  This discussion will focus on three projectile point types that Wheat included in 
the Firstview Complex: San Jon (Roberts 1942), Firstview (Wheat 1972), and Kersey 
(Wheat 1979).  Both the Cody and Firstview complexes include projectile points with 
diamond-shaped or lenticular cross sections; Wormington (1948, 1957) partitioned this 
morphological variability into the distinct Eden and Scottsbluff types, but Wheat (1972, 
1979) did not separate projectile points into types based on their shape.  Wheat 
(1972:147) stated that the cross sections of Firstview projectile points ranged from 
lenticular to diamond-shaped with median ridges.  He also described Kersey points as 
having flakes that “terminate at a low to moderate median ridge, occasionally 
approaching a diamond cross section" (Wheat 1979:77). 
 Wheat differentiated projectile points in the Firstview Complex from those of the 
Cody Complex based on differences in the amount of shoulder indentation—less for the 
Firstview and Kersey types and greater for Eden and Scottsbluff projectile points (Muñiz 
2005:116-117).  He described the Firstview projectile point type as lanceolate to leaf-
shaped without pronounced shoulders, and with stem edges finished by grinding instead 
of flaking (Wheat 1972:125). Likewise, he stated that the Kersey type consisted of "long, 
relatively narrow, unstemmed points characterized by parallel flaking” (Wheat 1979:77).  
In fact, this process probably occurred as a consequence of rejuvenating broken projectile 
points.  Wheat (1979:89) described 10 large tip fragments that were fitted with new 
hafting elements by grinding the lateral edges immediately distal to the impact break and 
flaking a new base. 
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 The division of projectile point types between the Cody and Firstview complexes 
is not accepted by many researchers.  The original San Jon type is considered to be 
reworked Eden (Hofman and Graham 1998:113), and Agogino et al. (1976:221) placed 
the projectile points from Blackwater Draw in the Cody Complex based on 
morphological similarity to the Scottsbluff and Eden types instead of using Wheat's 
Firstview Complex classification for these artifacts.  Bradley (1991:390-391, 1993:260) 
argued that the Firstview and Kersey types are technologically identical to the Eden and 
Scottsbluff types.  I addressed this typological problem by analyzing projectile points 
from 12 sites (4 of them Firstview, and 8 Cody).  The four sites that Wheat included in 
the Firstview Complex are: Blackwater Draw and San Jon in New Mexico, and Olsen-
Chubbuck and Jurgens in Colorado.  The Cody Complex sites in my analysis are: 
Carter/Kerr-McGee, Finley, Hell Gap, and Horner in Wyoming, and Claypool, Frasca, 
Lamb Spring, and Nelson in Colorado.  The Alberta points from Hudson-Meng and Hell 
Gap are slightly older and were not considered in my test for geographic differences 
between the contemporaneous Cody and Firstview complex points (Holliday 2000). 
 Before comparing Firstview and Cody complex projectile points, it is necessary to 
characterize the morphological variability in projectile point assemblages that previous 
researchers assigned to each complex.  After separating diamond-shaped and lenticular 
points, I used the ANOVA procedure to compare the width and thickness measurements 
of complete and incomplete projectile points.  I examined the four Firstview complex 
sites as a single analytical unit, and then treated the eight Cody Complex sites in the same 
manner. 
 
288 
 
 The Firstview complex diamond-shaped cross-section sample includes projectile 
points from Blackwater Draw (n = 9), Jurgens (n = 14), Olsen-Chubbuck (n = 3), and San 
Jon (n = 3).  Table 6.3 shows that none of the width and thickness variables are 
statistically significantly different; p-values range from 0.06 for blade width to 0.31 for 
stem width.  Average metric dimensions indicate that Jurgens points are generally 
narrower and thinner than the other samples, and Olsen-Chubbuck points are widest and 
thickest; however, this may be an effect of sample size.  The average blade width for 
points from Jurgens is 17.2 mm and the Olsen-Chubbuck average is 21.55 mm.  The 
average blade thickness for Jurgens is 6.12 mm, and it is 7.31 mm for Olsen-Chubbuck.  
The average stem width for Jurgens is 17.61 mm and it is 20.32 mm for the Olsen-
Chubbuck.  The stem thickness averages follow a different pattern, with 5.03 mm for 
Olsen-Chubbuck, 5.41 mm for Jurgens, 5.66 mm for San Jon, and 6.2 mm for Blackwater 
Draw. 
 The Firstview complex lenticular sample includes projectile points from 
Blackwater Draw (n = 6), Jurgens (n = 20), and Olsen-Chubbuck (n = 3).  The p-values 
for comparisons of each measurement are higher than those for diamond-shaped points, 
ranging from 0.71 for stem width to 0.99 for blade width.  None of the lenticular  samples 
can be characterized as thinner or narrower than any of the others, and averages will be 
given from least to greatest.  The average blade width for Blackwater Draw is 20.53 mm, 
followed by Jurgens at 21.28 mm and Olsen-Chubbuck at 21.55 mm.  The average blade 
thickness at Jurgens is 5.97 mm, followed by Blackwater Draw at 6.07 mm and Olsen-
Chubbuck at 6.37 mm.  The average stem width at Olsen-Chubbuck is 18.22 mm, 
followed by 20.06 mm at Jurgens and 20.45 mm at Blackwater Draw.  The average stem  
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Table 6.3 Analysis of Variance (ANOVA) for Firstview Complex projectile points. 
Cross 
Section Variable Site N Mean (mm) Variance 
P(F<=F) two-
tail 
D
ia
m
on
d 
Blade Width 
Blackwater Draw 9 20.63 9.65 
0.06 
Olsen-Chubbuck 3 21.55 3 
San Jon 3 19.44 3.82 
Jurgens 14 17.2 12.24 
Blade 
Thickness 
Blackwater Draw 9 6.73 1.5 
0.28 
Olsen-Chubbuck 3 7.31 1.19 
San Jon 3 6.39 0.19 
Jurgens 14 6.12 0.75 
Stem Length 
Blackwater Draw 9 17.26 31.43 
0.18 
Olsen-Chubbuck 3 14.87 4.19 
San Jon 3 14.38 11.79 
Jurgens 14 13.7 13.08 
Stem Width 
Blackwater Draw 9 19.44 9.28 
0.17 
Olsen-Chubbuck 3 20.32 5.72 
San Jon 3 18.39 0.82 
Jurgens 14 17.61 4.07 
Stem Thickness 
Blackwater Draw 9 6.2 1.41 
0.31 
Olsen-Chubbuck 3 5.03 0.6 
San Jon 3 5.66 0.33 
Jurgens 14 5.41 1.07 
L
en
ti
cu
la
r 
Blade Width 
Blackwater Draw 6 20.53 16.23 
0.99 
Olsen-Chubbuck 3 21.55 39 
Jurgens 20 21.28 25.6 
Blade 
Thickness 
Blackwater Draw 6 6.07 4.2 
0.87 
Olsen-Chubbuck 3 6.37 4.58 
Jurgens 20 5.97 1.13 
Stem Length 
Blackwater Draw 6 16.57 23.84 
0.48 
Olsen-Chubbuck 3 14.27 22.55 
Jurgens 21 13.92 6.32 
Stem Width 
Blackwater Draw 6 20.45 15.34 
0.72 
Olsen-Chubbuck 3 18.22 59.32 
Jurgens 20 20.06 11.89 
Stem Thickness 
Blackwater Draw 6 5.36 3.21 
0.9 
Olsen-Chubbuck 3 5.35 1.11 
Jurgens 20 5.16 0.49 
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thickness at Jurgens is 5.16 mm, followed by 5.35 mm at Olsen-Chubbuck and 5.36 mm 
at Blackwater Draw.  Table 6.3 shows that p-values for all width and thickness 
measurements for both diamond-shaped and lenticular points are greater than 0.05, 
indicating that there are no statistically significant differences between the projectile 
point assemblages that Wheat grouped in his Firstview complex. 
 The Cody complex sample of points with diamond-shaped cross-sections includes 
Carter/Kerr-McGee  (n = 15), Claypool (n = 22), Finley (n = 11), Frasca (n = 5), Hell 
Gap (n = 6), Horner (n = 31), Lamb Spring (n = 1), and Nelson (n = 2).  Table 6.4 
presents the results of comparisons among projectile points from these sites.  Blade width 
is not statistically significant, at p=0.5; the minimum average is 17.99 mm at Finley, and 
the maximum average is 19.96 mm at Horner.  Blade thickness is not statistically 
significant, with a p value of 0.93; the minimum average thickness is 6.5 mm at Nelson, 
and the maximum average thickness is 7.07 mm at Frasca.  Stem width, however, is 
statistically significantly different (p=0.02); the minimum average is 14.72 mm at 
Carter/Kerr-McGee, and the maximum average is 17.44 mm  at Horner.  Differences in 
stem thickness are not statistically significant (p=0.06); the minimum average is 4.98 mm 
at Carter/Kerr-McGee , and the maximum average is 5.79 mm at Horner. 
 The Cody complex sample of lenticular points includes Carter/Kerr-McGee (n = 
2), Claypool (n = 4), Finley (n = 2), Hell Gap (n = 8), Horner (n = 44), and Lamb Spring 
(n = 2).  Comparison of blade widths shows statistically significant differences, at 
p=0.02; the minimum average is 18.44 mm at Lamb Spring, and the maximum average is 
29.46 at Finley.  Blade thickness is significantly different, with a p value of 0.004; the 
minimum average is 4.43 mm at Finley, and the maximum average is 8.78 mm at both 
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Carter/Kerr-McGee and Lamb Spring.  Stem width differences are not significant 
(p=0.6); the minimum average is 17.82 mm at Horner, and the maximum average is 20.19 
mm at Finley.  Neither is stem thickness significantly different (p=0.17); the minimum 
average is 4.05 mm at Finley, and the maximum average is 6.11 mm at both Carter/Kerr-
McGee  and Lamb Spring.  P-values show that the lenticular points are more variable 
than the diamond-shaped points, but this may be caused by the inclusion of some 
samples.  Furthermore, the Cody Complex sample from eight sites has greater 
morphological variability than the Firstview Complex sample of four sites. 
After I characterized the Cody and Firstview Complex samples individually, I conducted 
analyses to compare them.  The Cody sample contains 93 diamond-shaped and 62 
lenticular points.  The Firstview sample is almost equally divided with 30 diamond-
shaped and 29 lenticular points.  Figures 6.3 and 6.4  show the relationship of width and 
thickness measurements for individual projectile points in both the Cody and Firstview 
samples.  Measurements taken from both diamond-shaped and lenticular points indicate a 
moderately strong relationship between blade width and thickness (r2 = 0.33, p = <0.01).  
There is also a moderately strong relationship between stem width and thickness (r2 = 
0.26, p = <0.01).  Figures 6.3 and 6.4 provide graphic representations of the relationship 
between width and thickness variables, but I have also characterized this relationship 
with numeric data (i.e.) ratios of blade width to thickness and stem width to thickness. 
 The average ratios are associated with low standard deviations because ratios for 
individual projectile points are tightly clustered around the mean.  The average blade 
width to thickness ratio for Cody points with diamond-shaped cross-sections is 2.82 (sd 
0.36), and the equivalent Firstview ratio is 2.95 (sd 0.48).  The average stem width to  
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Table 6.4 Analysis of Variance for Cody Complex Projectile Points. 
Cross Section Variable Site N Mean (mm) Variance 
P(F<=F) two-
tail 
D
ia
m
on
d 
Blade Width 
CKM 15 18.15 7.37 
0.5 
Claypool 22 18.65 8.28 
Finley 11 17.99 7.29 
Frasca 5 19.28 20.41 
Hell Gap 6 18.96 7.83 
Horner 31 19.96 4.79 
Lamb Spring 1 19.37 0 
Nelson 2 18.02 4.23 
Blade Thickness 
CKM 15 6.76 0.47 
0.93 
Claypool 22 6.65 0.78 
Finley 11 6.81 0.43 
Frasca 5 7.07 1.33 
Hell Gap 6 6.93 0.27 
Horner 31 6.79 0.54 
Lamb Spring 1 7.26 0 
Nelson 2 6.5 0.25 
Stem Length 
CKM 15 13.65 3.29 
0.01 
Claypool 22 13.67 5.43 
Finley 11 13.41 6.53 
Frasca 5 15.36 5.32 
Hell Gap 6 16.19 3.06 
Horner 30 15.02 4.94 
Lamb Spring 1 18.49 0 
Nelson 2 18.24 15.4 
Stem Width 
CKM 15 14.72 4.2 
0.02 
Claypool 22 17.26 11.4 
Finley 11 16.17 5.42 
Frasca 5 17.92 8.88 
Hell Gap 6 19.15 9.64 
Horner 30 17.44 2.8 
Lamb Spring 1 18.22 0 
Nelson 2 16.81 0.78 
Stem Thickness 
CKM 15 4.98 0.3 
0.06 
Claypool 20 5.37 0.4 
Finley 11 5.22 0.68 
Frasca 5 5.16 0.68 
Hell Gap 6 5.76 0.9 
Horner 30 5.79 0.72 
Lamb Spring 1 5.78 0 
Nelson 2 5.17 0.76 
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Table 6.4 continued 
Cross Section Variable Site N Mean (mm) Variance 
P(F<=F) two-
tail 
L
en
tic
ul
ar
 
Blade Width 
CKM 2 24.87 1.6 
0.02 
Claypool 4 21.37 0.08 
Finley 2 29.46 13.87 
Hell Gap 8 18.72 15.27 
Horner 44 22.16 18.26 
Lamb Spring 2 18.44 2.49 
Blade Thickness 
CKM 2 8.78 0.13 
0.004 
Claypool 4 6.47 1.55 
Finley 2 4.43 0.9 
Hell Gap 8 6.19 1.93 
Horner 44 5.92 1.14 
Lamb Spring 2 8.78 0.1 
Stem Width 
CKM 2 19.95 0.003 
0.6 
Claypool 4 18.98 0.36 
Finley 2 20.19 0.37 
Hell Gap 8 18.71 9.51 
Horner 44 17.82 7.48 
Lamb Spring 2 19.95 0 
Stem Length 
CKM 1 17.55 0 
0.47 
Claypool 4 12.655 2.63 
Hell Gap 8 13.66125 9.65 
Horner 42 14.51357143 7.71 
Lamb Spring 2 15.06 4.15 
Stem Thickness 
CKM 2 6.11 0.05 
0.17 
Claypool 4 5.21 0.63 
Finley 2 4.05 0.98 
Hell Gap 8 5.24 2.23 
Horner 44 5.2 0.49 
Lamb Spring 2 6.11 0.01 
 
thickness ratio for Cody diamond-shaped points is 3.17 (sd 0.48), and the equivalent 
Firstview ratio is 3.34 (sd 0.48); identical standard deviations are due to rounding to the 
second decimal place.  Cody lenticular points have an average blade width to thickness 
ratio of 3.79 (sd 1.07), and the same ratio for Firstview is 3.56 (sd 0.6).  The average stem 
width to thickness ratio for Cody lenticular points is 3.58 (sd 0.65), and the equivalent 
Firstview ratio is 3.89 (sd 0.7).  
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Figure 6.3 The relationship of width and thickness variables for Cody Complex 
projectile points. 
 
Figure 6.4 The relationship of width and thickness variables for Firstview Complex 
projectile points. 
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 I used a t-test to compare width and thickness measurements of diamond-shaped 
and lenticular points in the Cody and Firstview samples.  There are 93 Cody and 29 
Firstview diamond-shaped points (Table 6.5).  Blade width for diamond-shaped points is 
not significantly different, at p=0.87; the Cody average is 19.05 mm (sd 2.7), and the 
Firstview average is 18.95 mm (sd 3.51).  Blade thickness is not significantly different, 
either (p=0.06); the Cody average is 6.79 mm (sd 0.75), and the Firstview average is 6.46 
mm (sd 1.01).   Stem width differences are statistically significant, at p=0.01; the Cody 
average is 17.06 mm (sd 2.63) and the Firstview average is 18.53 mm (sd 2.49).  Stem 
thickness does not differ significantly, p=0.28; the Cody average is 5.44 mm (sd 0.79), 
and the Firstview average is 5.64 mm (sd 1.03).  Since three of the four variables reveal 
no significant differences, I argue that these projectile points are members of the same 
statistical population.  The difference in stem width may have resulted from using flaking 
and grinding, as opposed to only grinding, in producing the stem. 
 There are 62 Cody and 30 Firstview lenticular points.  Blade width differences are 
not significant (p=0.68); the Cody average is 21.77 mm (sd 4.38), and the Firstview 
average is 21.35 mm (sd 4.8).  Differences in blade thickness are not significant, either, at 
p=0.59; the Cody average is 5.91 mm (sd 1.14), and the Firstview average is 6.06 mm (sd 
1.36).  Stem width differences are statistically significant (p=0.009); the Cody average is 
18.08 mm (sd 2.63), and the Firstview average is 19.96 mm (sd 3.91).  Stem thickness 
does not differ significantly (p=0.07); the Cody average is 5.14 mm (sd 0.86), and the 
Firstview average is 5.22 mm (sd 0.99).  Since three of the four metric variables are not 
significant, I conclude that these projectile points are members of the same statistical 
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population.  As suggested for diamond-shaped points, the difference in stem width may 
be produced by the use of flaking and grinding versus grinding only. 
 
Table 6.5 Comparison of Firstview and Cody Complex projectile points. 
Cross 
Section Variable Type N Mean (mm) Variance 
P(T<=t) 
two-tail 
D
ia
m
on
d 
Blade Width 
Cody 94 19.05 7.23 
0.87 Firstview 29 18.95 12.29 
Blade Thickness 
Cody 94 6.79 0.57 
0.06 Firstview 29 6.46 1.03 
Blade Width/Thickness  
Cody 94 2.82 0.13 
0.1 Firstview 29 2.95 0.23 
Stem Length 
Cody 92 14.17 10.12 
0.26 Firstview 29 14.98 15.42 
Stem Width 
Cody 92 17.06 6.05 
0.01 Firstview 29 18.53 6.18 
Stem Thickness 
Cody 92 5.44 0.63 
0.3 Firstview 29 5.64 1.06 
Stem Width/Thickness 
Cody 92 3.17 0.23 
0.09 Firstview 29 3.34 0.23 
L
en
ti
cu
la
r 
Blade Width 
Cody 62 21.77 19.17 
0.68 Firstview 29 21.35 23.07 
Blade Thickness 
Cody 62 5.91 1.29 
0.59 Firstview 29 6.06 1.86 
Blade Width/Thickness  
Cody 62 3.79 1.14 
0.29 Firstview 29 3.56 0.36 
Stem Length 
Cody 61 13.57 14.22 
0.04 Firstview 30 14.49 21.23 
Stem Width 
Cody 62 18.08 6.93 
0.009 Firstview 30 19.96 15.31 
Stem Thickness 
Cody 62 5.14 0.73 
0.7 Firstview 30 5.22 1.06 
Stem Width/Thickness 
Cody 62 3.58 0.43 
0.05 Firstview 30 3.89 0.5 
Cody sample includes all projectile points from Horner. 
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Ground Edges in Hafting Area 
 
Figure 6.5 Percentages of ground stems of Firstview and Cody projectile points. 
 
 The predominance of ground stems in both Cody and Firstview points probably 
relates to the requirements of hafting a projectile point.  The hafting process probably 
involved some combination of fitting the tool into a slot in the foreshaft, applying mastic 
(glue resin or tar) to hold the point, and then using sinew to bind the tool to the foreshaft 
(Keeley 1982:799).  Wheat (1979:90) proposed that grinding the stems of projectile 
points would have created a dull edge that would not cut the sinew binding.  The fact that 
most Paleoindian projectile points have ground stems was designed to improve hafting 
rather than as a signature of a specific projectile point type.  However, the use of grinding 
alone to create the stem, as suggested by Wheat (1972:125), would likely result in 
slightly greater basal widths for projectile points he classified as members of the 
Firstview complex.  The slight differences in stem width that Wheat employed to separate 
Firstview from Cody Complex projectile points may actually represent the range of 
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variation in stem configuration that is allowed within the Eden and Scottsbluff points.  
For example, Bradley and Stanford (1987:426) observed that four stemming options are 
available for producing Eden points including “fine retouch with grinding, primary 
flaking with grinding, grinding only, and fine retouch only”.  Therefore, the stem 
configuration of Wheat’s Firstview Complex projectile points can be described as one of 
the available options for creating the stems of Cody Complex projectile points instead as 
the defining trait of another cultural complex. 
 In Chapter 2, I explored the relationship between stylistic behavior and spatial and 
temporal variability in artifact manufacture.  James Sackett (1982:63) defined style as “a 
highly specific and characteristic manner of doing things, which by its very nature, is 
peculiar to a specific time and place”.  Then, Sackett coined the term “isochrestism” to 
describe the range of possible artifact forms as a “variety of functionally equivalent 
means to achieve any given end” (Sackett 1982:72).  Stylistic variants that arose 
subconsciously within the social group would have persisted through time via “learned 
behaviors that are socially transmitted” (Sackett 1982:73).  Thus, flintknappers learned to 
manufacture stone tools in the context of a social group that employed only a few 
isochrestic forms from the many possibilities theoretically available to them. 
 The slight differences in stem width between Cody complex projectile points 
found on the Northern Plains and Firstview Complex projectile points recovered from 
sites on the Southern Plains may be expressions of two similar isochrestic variants 
(Sackett 1982, 1985).  Finishing the stem of a projectile point by grinding only, rather 
than with a combination of flaking and grinding, can be considered as one example of the 
many choices that flintknappers made as they manufactured the artifact.  The persistence 
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of slight differences in stem configuration between Cody and Firstview projectile points 
is simply an example of stylistic behavior that was expressed as "choosing specific lines 
of procedure from the nearly infinite arc of possibility and sticking to them” (Sackett 
1985:158). 
 In conclusion, projectile points that Wheat classified as belonging to the San Jon, 
Firstview, and Kersey types of the Firstview complex on the Central and Southern Plains 
cannot be differentiated by their qualitative and quantitative attributes from the Eden and 
Scottsbluff types of the Cody complex found on the Northwestern and Northern Plains.  
Both Cody and Firstview complexes include projectile points with diamond-shaped and 
lenticular cross-sections, and the majority of them have ground stems that may have 
facilitated hafting.  A comparison of metric dimensions indicates that blade width, blade 
thickness, and stem thickness are not statistically significant.  Stem width is the only 
statistically significant variable for both diamond-shaped and lenticular projectile points.  
Firstview and Cody complex points can only be distinguished by differences in the 
amount of shoulder indentation, less for the Firstview and Kersey types and greater for 
Eden and Scottsbluff projectile points (Muñiz 2005:116-117). 
 My research agrees with that of Bradley  (1991:390-391, 1993:260) and Muñiz 
(2005:116-117) that Firstview complex projectile points have the same technological 
attributes as Cody Complex projectile points.  My analysis shows that the variation 
inherent in Firstview complex projectile points ranges along the traditionally accepted 
continuum of variation defined by the Eden and Scottsbluff types (Wormington 
1957:136).  Therefore, all Late Paleoindian lanceolate square-based projectile points, 
dated from about 9400 to 8300 B.P. (Holliday et al. 1999), should be classified in the 
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Cody complex, as it has temporal priority in taxonomic terms.  This is true regardless of 
whether projectile points are found on the Southern Plains or the Northern Plains as 
Wheat (1972, 1979) defined these geographic regions.  The San Jon, Firstview, and 
Kersey types of the Firstview complex should become a historical footnote to Paleoindian 
systematics. 
 I also examined morphological variability in site assemblages from a small 
geographic region, the piedmont of northeastern Colorado.  Three sites—Frasca, Jurgens, 
and Nelson—are located in the same watershed, near Pawnee Creek and downstream 
along the South Platte River (Figure 4.2).  Despite their geographic proximity, two of the 
sites, Frasca and Nelson, are attributed to the Cody complex (Fulgham and Stanford 
1982; Kornfeld et al. 2007) while the Jurgens site was designated as the type site for 
Kersey points in the Firstview complex (Wheat 1979).  In addition to geographic 
proximity, these sites are roughly contemporaneous because uncalibrated radiocarbon 
dates from the three sites are within a 400-year time span and the calibrated dates provide 
a 700-year period of occupation (Table 4.2).  The Nelson date of 9260±20 B.P. 
(UCIAMS-26939, 613C) on a bison radius is oldest (Kornfeld et al. 2007), followed by a 
date of 9070 +90 B.P. (SI-3726) on charcoal from Jurgens (Wheat 1979:151). The 
youngest date of 8910 + 90 B.P. (SI-4848) on bone organics is from Frasca (Fulgham and 
Stanford 1982).  Table 4.2 also shows that while the calibrated dates do not overlap, they 
are all within a 700-year period between 8600-7900 BC.  The Nelson date of 8549-8468 
BC is oldest, followed by Jurgens at 8447-8363  BC and Frasca at 8240-7958 BC.  The 
three sites are each represented by one date, and if additional dates were available, they 
could show that the sites were occupied simultaneously. 
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I expected that projectile point assemblages  would share similar qualitative and 
quantitative attributes because the three sites are in geographic proximity and they are 
roughly contemporaneous.  In Chapter 5, I explained that the Frasca and Nelson site 
assemblages of complete and incomplete projectile points are small with five and two 
projectile points, respectively.  Since all projectile points recovered from Frasca and 
Nelson were diamond-shaped, lenticular projectile points from the Jurgens site were not 
considered in this analysis.  All of the Frasca and Nelson projectile points have ground 
stems.  The Jurgens sample included nine projectile points with ground edges and three 
points on which grinding was absent.   
 The projectile point assemblages at Frasca, Nelson, and Jurgens were comprised 
of similar lithic raw material sources which is to be expected because the sites are in the 
same geographic region.  White River Group Silicates from Flattop Butte are found at 
Frasca (Fulgham and Stanford 1982:6), and at Jurgens (Muñiz 2005:206).  Flattop chert 
was not found at Nelson; however, this may be due to the limited investigations 
conducted at that site (Kornfeld et al. 2007).  The Jurgens and Nelson site lithic 
assemblages contain a dendritic chalcedony named Holiday Springs chert (Wheat 
1979:127) or moss agate (Kornfeld et al. 2007:261-262).  All three site assemblages 
contained local materials such as unidentified chert, silicified wood, and quartzite found 
in lag gravels along the South Platte drainage (Fulgham and Stanford 1982; Kornfeld et 
al. 2007; Muñiz 2005; Wheat 1979).  Since the combined Frasca and Nelson sample 
consists entirely of fine-grained siliceous materials, I excluded one quartzite point, 
19577, from the Jurgens sample, thus reducing it to 13.  I limited comparison of the site 
302 
 
assemblages to artifacts made from the chert and chalcedony sources described above.  
This coincides with Wheat’s (1979:126-127) observation that the majority of projectile 
points and knives were made of cryptocrystalline materials such as chalcedony, jasper, 
and silicified wood. 
 Before analyzing metric dimensions, I combined the Frasca and Nelson points 
with diamond-shaped cross-sections into a single sample (n = 7) that I compared to 
diamond-shaped points made of cryptocrystalline materials from Jurgens (n = 13).  Most 
width and thickness measurements for the combined Frasca/Nelson and Jurgens samples 
differ by less than a millimeter (Table 6.6).  The average Frasca/Nelson blade thickness is 
6.9 mm (sd 1.01) while the average for the Jurgens sample is 6.15 mm (sd 0.83).  
Average stem width for the Frasca/Nelson sample is 17.58 mm (sd 2.52) compared to 
17.21 mm (sd 1.91) for Jurgens. Average stem thicknesses are 5.16 mm (sd 0.76) and 
5.46 mm (sd 1.05) respectively.  Blade width is the only variable in which averages differ 
by more than a millimeter; the Frasca/Nelson average is 18.92 mm (sd 3.83), compared to 
the 17.43 mm (sd 2.42) average for Jurgens.  It is not surprising that t tests of metric 
variables shows that there are no statistically significant differences between the Jurgens 
and combined Frasca and Nelson samples, with p-values ranging from 0.3 for blade 
width to 0.9 for blade thickness.  In conclusion, the Jurgens sample is indistinguishable 
from the combined Frasca and Nelson sample both in terms of metric dimensions and 
qualitative attributes. 
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Table 6.6 Comparison of Firstview and Cody Complex assemblages from sites in 
Northeastern Colorado. 
Variable Site N 
Median 
(mm) 
Mean 
(mm) Variance 
p-
value 
Blade Width 
Frasca & 
Nelson 7 18.7 18.92 14.69 
0.3 Jurgens 13 17.35 17.43 5.87 
Blade Thickness 
Frasca & 
Nelson 7 6.56 6.9 1.01 
0.09 Jurgens 13 5.98 6.15 0.7 
Stem Width 
Frasca & 
Nelson 7 16.81 17.58 6.33 
0.71 Jurgens 13 17.18 17.21 3.62 
Stem Thickness 
Frasca & 
Nelson 7 4.99 5.16 0.59 
0.52 Jurgens 13 5.27 5.46 1.11 
All points in this test are kinds of chert. 
 
Raw Material Comparisons 
 I tested the possibility that projectile points made of finer grained materials such 
as chert would differ from those made of courser grained material such as quartzite. 
Luedtke (1978:414), noted similarities among sedimentary microcrystalline silicates 
including subgroups such as chert, flint, agate, jasper, and chalcedony, and following 
Muñiz (2005:176-177) I combined these subgroups into a single analytical unit that I 
designated as chert.  Thus, the chert sample is much larger than the quartzite sample of 
complete and incomplete points from 12 Cody Complex sites.  I excluded four  diamond-
shaped and three lenticular projectile points for which I could not find a raw material 
identification in published literature.  I also excluded all projectile points made of 
petrified wood (5 diamond-shaped and 5 lenticular points), porcellanite ( 15 diamond-
shaped and 5 lenticular points), or volcanic materials (2  lenticular points).  As in 
previous analyses, I separated lenticular and diamond-shaped projectile points, and then 
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used t-tests to compare the metric variables of chert and quartzite samples.   The 
diamond-shaped sample used in the comparison of raw material types includes a total of 
103 projectile points,  87 made of chert and 16 made of quartzite.  The lenticular 
projectile points from Cody Complex sites includes 75 projectile points, 59 chert and 16 
quartzite artifacts; this analysis excludes Alberta projectile points found at Hell Gap and 
Hudson-Meng. 
 The average blade width of the diamond-shaped chert sample is 18.86 mm (sd 
2.77) and that of the quartzite sample is 19.62 mm (sd 3.86). The average blade thickness 
of the chert sample is 6.72 mm (sd 0.84) while the average for the quartzite sample is 
6.54 mm (sd 0.65).  Average stem width of the chert sample is 17.05 mm (sd 2.80) 
compared to 18.80 mm (sd 2.63) for the quartzite sample. Average stem thicknesses are 
5.50 mm (sd 0.89) and 5.41 mm (sd 0.68) respectively.  Since p-values range from 0.2 for 
stem width to 0.69 for stem thickness, there is no significant differences in the metric 
dimensions of diamond-shaped projectile points made of chert or quartzite. 
 The average blade width of the chert lenticular projectile point sample is 21.54 
mm (sd 4.50) and that of the quartzite sample is 22.06 mm (sd 4.94).  The average blade 
thickness is 5.71 mm (sd 1.21)  while the average for the quartzite sample is 6.30 mm (sd 
1.08).  Average stem width is 18.52 mm (sd 3.27) compared to 19.51 mm (sd 3.58) for. 
Average stem thicknesses are 5.09 mm (sd 0.97) and 5.15 mm (sd 0.72) respectively.  T-
tests show that there are no statistically significant differences between the metric 
dimensions of lenticular projectile points made of chert or quartzite with p-values ranging 
from 0.08 for stem thickness to 0.70 for blade width. 
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Table 6.7 Comparison of raw material types by cross section. 
Cross 
section 
Variable Raw Material N Mean Standard 
deviation 
p-value 
D
ia
m
on
d 
Blade width 
Chert 87 18.86 2.77 0.35 
Quartzite 16 19.62 3.86  
Blade thickness 
Chert 87 6.72 0.84 0.43 
Quartzite 16 6.54 0.65  
Blade 
width/thickness 
Chert 87 2.82 0.36 0.1 
Quartzite 16 2.99 0.53  
Stem width 
Chert 87 17.05 2.8 0.2 
Quartzite 16 18.8 2.63  
Stem thickness 
Chert 87 5.5 0.89 0.69 
Quartzite 16 5.41 0.68  
Stem width/thickness 
Chert 87 3.15 0.45 0.01 
Quartzite 16 3.51 0.55   
L
en
ti
cu
la
r 
Blade width 
Chert 59 21.54 4.5 0.7 
Quartzite 15 22.06 4.94   
Blade thickness 
Chert 59 5.71 1.21 0.09 
Quartzite 15 6.3 1.08  
Blade 
width/thickness 
Chert 59 3.89 1.07 0.2 
Quartzite 15 3.47 0.5  
Stem width 
Chert 59 18.52 3.27 0.3 
Quartzite 16 19.51 3.58  
Stem thickness 
Chert 59 5.09 0.97 0.08 
Quartzite 16 5.15 0.72  
Stem width/thickness 
Chert 59 3.71 0.75 0.3 
Quartzite 16 3.79 0.51   
 
 
the average blade width to thickness and stem width to thickness ratios were very similar 
regardless of material type.  The average blade width to thickness ratio of the chert 
diamond-shaped points is 2.82 (sd 0.36) compared to 2.99 (sd 0.53) for the quartzite 
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sample; this is not significant (P=0.1).  The stem width to thickness ratios are 3.15 (sd 
0.45) and 3.51 (sd 0.55) respectively; this comparison is significant (p=0.01).  The blade 
width to thickness ratio for lenticular points are 3.89 (sd 1.07) for chert and 3.47 (sd 0.50) 
for quartzite; this is not significant (p=0.2).  The average stem width to thickness ratios 
for lenticular points are 3.71 (sd 0.75) for chert and 3.79 (sd 0.51) for quartzite; this is not 
significant (p=0.3).  Differences in width to thickness ratios are determined by cross 
sectional shape rather than the particular lithic raw material from which a projectile point 
was made. 
 
Hypothesis 4 
 Projectile points from sites contemporaneous in time should have a narrow range 
of variation when compared to projectile points from sites that are not contemporaneous.  
Variation is expected to be greater through time; however, patterns of similar 
morphological variability could exist within geographic regions that resulted from 
ancestor-descendant relationships of flint knapping groups. Temporal controls such as 
radiocarbon dates and the stratigraphic positions of buried lithic assemblages, would be 
necessary to make inferences concerning the ancestor-descendant relationships among 
flint knapping groups that produced projectile point assemblages at a particular 
archaeological site, or at a group of sites in a geographic region.  This hypothesis 
addresses comparisons of several types including Alberta (Agenbroad 1978; Wormington 
and Forbis 1965), Alberta/Cody I and II (Bradley and Frison 1987), Scottsbluff and Eden 
(Wormington 1948, 1957). 
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Consideration of temporal variability among projectile points of the Cody complex often 
involves comparisons of the earlier Alberta type to the later Scottsbluff type (Agenbroad 
1978:80; Bamforth 1991:316; Forbis 1968; Forbis and Sperry 1952; Huckell 1978; 
Wormington 1957:134).  Both uncalibrated and calibrated radiocarbon dates for the sites 
and complexes in this study are provided in Table 4.2 and Figure 3.1.  The Alberta 
Complex is associated with an uncalibrated radiocarbon date of 9820 + 100 B.P. (SMU-
224) from Hudson-Meng (Agenbroad 1978:116) as well as with another uncalibrated date 
of 9410 ± 95 B.P. (AA-28774) at Hell Gap Locality I (Haynes 2009:46).  The 
Alberta/Cody I and II points found at Horner II are associated with two uncalibrated 
radiocarbon dates, 10,060 + 220 B.P. (SI-10900) and 9875 + 85 B.P. (SI-4851A).  The 
earliest uncalibrated date for a Cody Complex site in my study is 9395 + 20 B.P. is an 
average of eight assays at Olsen-Chubbuck (Holliday et al. 1999).  The latest radiocarbon 
date is 7870±24 B.P. (SI-45) at Lamb Spring (Rancier 1982), but it is considered to be 
inaccurate (Holiday 2000:269).  The Frasca date of 8910 + 90 (SI-4848) is the next 
youngest for the Cody Complex (Fulgham and Stanford 1982).  The calibrated dates for 
Alberta, Alberta/Cody, and Cody show that all three complexes occurred within a 3,000–
year timespan between 10500-7958 BC (Table 4.2).  The calibrated date for Alberta at 
Hudson-Meng is 9444-9181 BC, and two dates for Alberta/Cody at Horner II are 10,599-
10,587  BC and 9454-9247 BC.  This suggests that the Alberta/Cody I and II types may 
be older than the Alberta type, but I agree with Knell and Muñiz (2013:7) who urge 
caution when considering Alberta/Cody because of the small sample of radiocarbon dates 
associated with these types.  As expected, the calibrated dates for the Cody Complex are 
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later than those for Alberta or Alberta/Cody; Olsen-Chubbuck has a calibrated date of 
8708-8667 BC, and the calibrated Lamb Spring date is 7054-6495 BC.  In Chapter 3, I 
explained that radiocarbon dates should be viewed cautiously because accuracy improved 
with the introduction of accelerator mass spectrometry (Stafford et al. 1991).  Therefore, 
if new radiocarbon dates were obtained, the results could change the temporal 
relationship among Alberta, Alberta/Cody I and II and Scottsbluff and Eden projectile 
point types. 
 Morphological differences distinguish Alberta points from Scottsbluff and other 
lenticular points.  To summarize, Alberta points often are larger in total size and have 
longer stems with more convex bases than the Scottsbluff point type (Wormington 
1957:134).  Alberta points were produced predominantly by percussion flaking, while 
Scottsbluff points were finished with pressure flaking; both types have lenticular cross 
sections. 
 Before conducting this analysis, I examined the combined Alberta sample (n = 
13) that contained three points from Hell Gap Locality I (catalog numbers begin with 
UWI), and 10 points from Hudson-Meng (catalog numbers are numeric).  Table 6.8 
shows that measurements for each variable of the Alberta sample comprised a normal 
distribution that is generally symmetrical with only one peak, and where the mean and 
median are close to each other (Drennan 1996:54).  I observed that all variables had at 
least one value greater than 1, and sometimes 2, standard deviations from the mean.  The 
average blade width is 32.72 mm (sd 5.58); the minimum is 25.48 mm on UWI-78, and 
the maximum is 42.32 on UWI-376.  The average blade thickness is 8.06 mm (sd 1.15); 
the minimum is 5.94 mm on 1014, and the maximum is 9.66 on UWI-389.  The average 
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stem width is 23.19 mm (sd 3.72); the minimum is 17.6 mm on 1377, and the maximum 
is 31.74 mm on UWI-376.  The average stem thickness  is 6.73 mm (sd 0.57); the 
minimum is 5.55 mm on 1378, and the maximum is 7.46 mm on a complete point of 
Knife River Flint from Hudson-Meng that Agenbroad (1978:68-71) assigned a catalog 
number of 1.  Twelve of the 13 Alberta points have ground stems.  There are 65 other 
lenticular points with ground stems, and 24 where edge grinding is absent.  A point from 
Finley (12026) lacked sufficient stem for the presence or absence of edge grinding to be 
determined. 
 
Table 6.8 Maximum and Minimum Measurements in a combined sample of Alberta Projectile Points from 
Hell Gap and Hudson-Meng. 
Variable N 
Minimum 
(mm) 
Median 
(mm) 
Maximum 
(mm) 
Mean 
(mm) 
Standard 
Deviation 
Blade Width 13 25.48 32.37 42.32 32.72 5.58 
Blade Thickness 13 5.94 8.3 9.66 8.06 1.15 
Stem Length 13 9.58 22.08 27.92 21.06 4.31 
Stem Width 13 17.6 22.05 31.74 23.19 3.72 
Stem Thickness 13 5.55 6.77 7.46 6.73 0.57 
 
 
 I used a 1-tailed t-test to evaluate the hypothesis that there are metric differences 
between the older Alberta type, (n = 13), and younger  Cody Complex projectile points 
with lenticular cross-sections (n = 90).  The Alberta sample is about 7 times smaller than 
the sample of other lenticular points (Table 6.9).  There are statistically significant 
differences in all metric dimensions, (p<0.01), because the average Alberta blade width 
and stem width are larger than measurements for other lenticular points.  The average 
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Alberta blade width is 32.72 mm (sd 5.58) and the average of the other lenticular points is 
22.29 mm (sd 7.82), a difference of 10.43 mm.  Average stem widths are 23.19 mm (sd 
3.72) for Alberta and 18.7 mm (sd 3.22) for other lenticular points, a difference of 4.49 
mm. 
 
Table 6.9 Comparison of Alberta points and Cody Complex points with lenticular cross sections. 
Variable Type N 
Median 
(mm) 
Mean 
(mm) Variance 
P(T<=t) one-
tail 
Blade Width 
Alberta 13 32.37 32.72 31.13 
<0.01 
Lenticular 
Cody 90 21.83 22.29 61.11 
Blade 
Thickness 
Alberta 13 8.3 8.06 1.31 
<0.01 
Lenticular 
Cody 90 6.05 6.17 1.47 
Stem Length 
Alberta 13 22.08 21.06 18.61 
<0.01 
Lenticular 
Cody 90 13.91 13.79 16.67 
Stem Width 
Alberta 13 22.05 23.19 13.85 
<0.01 
Lenticular 
Cody 90 18.28 18.7 10.28 
Stem 
Thickness 
Alberta 13 6.77 6.73 0.32 
<0.01 
Lenticular 
Cody 90 5.12 5.33 3.22 
Lenticular Cody includes all points with that shape previously designated as Alberta/Cody I, 
Scottsbluff, or Firstview.  
 
 
 My analysis also supports Wormington’s (1957:134) observation that Alberta 
points have longer stems than Scottsbluff points.  The average stem length for Alberta 
points is 21.06 mm (sd 4.31) compared to the average for all other lenticular points of 
13.79 mm (sd 4.08).  The stem length variable should be viewed cautiously because some 
projectile points have impact fractures proximal to the shoulders indicating that they 
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broke in the haft.  Four points were excluded from this analysis due to impact breaks: 
77168 (2.11 mm), 12026 (3.25 mm), 1030  (9.58 mm), and UWI-78 (19.2 mm). 
 
 The different spatial and temporal components found at Horner provide an 
opportunity to study possible ancestor-descendant relationships among flint knapping 
groups that produced projectile point assemblages at a particular archaeological site.  
Horner I is near the modern ground surface, and Horner II is located several meters to the 
south and west of Horner I where it is buried under 2 m of sediment (Frison 1987:95-96).  
Horner I is the younger component with radiocarbon dates of 8840 + 120 B.P. (UCLA-
697B) and 8750 + 120 B.P. (UCLA 697A); Horner II is about 1,000 years older with 
radiocarbon dates of 9875 + 85 B.P. (SI-4851A) and 10,060 + 220 B.P. (I-10900).  Thus, 
Horner I is contemporaneous with Cody complex sites, but the Horner II dates are 
equivalent to those obtained for Alberta complex sites (Table 4.2). 
 To summarize information provided in Chapter 3, Bradley and Frison (1987:207)  
described two transitional projectile point types, Alberta/Cody I and II, that 
technologically and typologically are similar to the Alberta type, and which they suggest 
are ancestral to the Scottsbluff and Eden types, respectively.  Alberta/Cody I projectile 
points have lenticular cross sections with wide blades that are finished with transmedial 
pressure flaking (Bradley and Frison 1987:203-204).  The Eden and Alberta/Cody II 
point types have characteristic diamond-shaped cross sections that were produced by 
comedial flaking (Bradley and Frison 1987:220).  I examined the extent of differences 
among projectile points from the Horner site, and then compared the Horner assemblage 
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to those from other Alberta and Cody complex sites.  Typological assignments for the 
Horner projectile points were taken from Bradley and Frison (1987, Tables 6.1 and 6.2).  
While most of the 31 complete and 16 incomplete points were given a type designation, 
only 13 of the 44 fragments were assigned to a type. 
 First I will present small samples and those dominated by fragments that were not 
analyzed for the hypothesis testing of temporal differences among Horner projectile 
points.  Bradley and Frison designated four projectile points as Alberta/Cody II. One 
complete point lacking ground edges, 77187, was recovered from Horner II and is made 
of Morrison chert; it has deep flake scars that do not overlap (Bradley and Frison 
1987:204).  Three Alberta/Cody II points were recovered from Horner I; all have 
diamond-shaped cross-sections and are made of porcellanite.  One complete point 
(516689) and a restemmed tip (516763) have ground edges; the tip fragment (516675) 
was not reworked (Bradley and Frison 1987:207).  The Eden sample (n = 16) includes 7 
fragments, 2 bases, 1 midsection, and 4 tips (Bradley and Frison 1987:212).  I did not 
compare the measurements of Alberta/Cody II and Eden types because the Alberta/Cody 
II sample is small, and the Eden sample is too fragmented. 
 The sample size of complete and incomplete points was sufficient to compare the 
28 Alberta/Cody I points (Bradley and Frison 1987:202-203, 207) and 10 Scottsbluff 
points (Table 6.10; Bradley and Frison 1987:207-208).  Blade width is not significantly 
different, p=0.06; the Alberta/Cody I average is 21.82 mm (sd 3.27) and Scottsbluff is 
larger at 23.89 mm (sd 4.05).  Blade thickness differs significantly (p=0.03); the 
Alberta/Cody I average is 6.68 mm (sd 0.77), and the Scottsbluff average is 6.1 mm (sd 
0.8).  Stem width does not differ significantly (p=0.34); the Alberta/Cody I average is 
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17.87 mm (sd 2.3) and the Scottsbluff average is 18.24 mm (sd 2.44).  Stem thickness is 
significantly different at p=0.05; the Alberta/Cody I average is 5.4 mm (sd 0.76), and the 
Scottsbluff average is 5.4 mm (sd 0.55).  Stem length is also significantly different, 
p=0.01; the Alberta/Cody I average is 16.08 mm (sd 2.06), and the Scottsbluff average is 
14.0 mm (sd 2.42). 
 
Table 6.10 Comparison of measurements for Alberta/Cody and Scottsbluff points from the 
Horner Site. 
Variable Type N 
Median 
(mm) 
Mean 
(mm) Variance 
P(T<=t) one-
tail 
Blade Width 
A/C I 28 21.86 21.82 10.68 
0.06 Scottsbluff 10 22.185 23.89 16.44 
Blade 
Thickness 
A/C I 28 6.74 6.68 0.6 
0.03 Scottsbluff 10 6.305 6.1 0.64 
Stem Length 
A/C I 26 16.62 16.08 4.23 
0.01 Scottsbluff 10 13.89 14 5.84 
Stem Width 
A/C I 28 17.69 17.87 5.28 
0.34 Scottsbluff 10 17.785 18.24 5.95 
Stem Thickness 
A/C I 28 5.45 5.4 0.58 
0.5 Scottsbluff 10 5.175 5.4 0.31 
Types from Bradley and Frison 1987 tables 6.1 and 6.2. 
  
 
 Bradley and Frison’s opinion that the Alberta/Cody I type is transitional between 
Alberta and Scottsbluff can be considered as two hypotheses.  First, the Alberta/Cody I 
type descended from Alberta, and second, it is ancestral to Scottsbluff.  I evaluated each 
hypothesis  using a 1-tailed t test because the Alberta type was defined as larger than 
Scottsbluff (Agenbroad 1978; Forbis 1968; Wormington 1957), and Bradley and Frison 
(1987:204) report that Alberta/Cody I is similar in outline to Alberta.  If statistically 
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significant relationships among metric variables were found, the Alberta, Alberta/Cody I, 
and Scottsbluff types would represent discrete temporal units.  If not, they were 
essentially the same type despite differences in age. 
 First, I compared the 28 Alberta/Cody I points from Horner and the 13 Alberta 
points from Hell Gap and Hudson-Meng (Table 6.11).  There are statistically significant 
differences at  p=<0.01, for the average width and thickness measurements on both stems 
and blades of these projectile points.  The average Alberta/Cody blade width is 21.82 mm 
(sd 3.27) and the Alberta average is 32.72 mm (sd 5.58), a difference of 10 mm.  The 
average Alberta/Cody I blade thickness is 6.68 mm (sd 0.77), and the Alberta average is 
8.06 mm (sd 1.05).  The Alberta/Cody I stem width average is 17.87 mm (sd 2.3), and the 
Alberta average is 23.19 mm (sd 3.72), a difference of 5 mm.  The Alberta/Cody I 
average stem thickness is 5.4 mm (sd 0.76), and the Alberta average is 6.73 mm (sd 
0.57).  The average stem length for Alberta/Cody is 16.08 mm (sd 2.06) and the Alberta 
average is 21.06 mm (sd 4.31).  Alberta/Cody I and Alberta can be considered as distinct 
types just as the wider Alberta points are differentiated from all other lenticular points. 
 Next, I compared the Alberta/Cody I type to 57 complete and incomplete points 
with lenticular cross-sections including the Scottsbluff type from Horner I and other sites, 
as well as lenticular points from Southern Plains sites that were previously assigned to the 
Kersey or Firstview types.  Stem length and width measurements were significantly 
different, but all other variables were not (Table 6.11).  Blade width was not significantly 
different (p = 0.32); the average for Alberta/Cody I is 21.82 mm (sd 3.27) and that for the 
other lenticular points is 22.69 mm (sd 1.26).  Blade thickness is not significantly 
different, at p = 0.3; the average for Alberta/Cody I is 6.68 mm (sd 0.77) and that for 
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other lenticular points is 6.33 mm (sd 0.95).  Stem width differs significantly (p = 0.02); 
the average for Alberta/Cody I is 17.87 mm (sd 2.3) , and that for other lenticular points 
is 19.29 mm (sd 0.99).  Stem thickness differences are not significant, at p = 0.47; the 
average for Alberta/Cody I is 5.4 mm (sd 0.76) and that for other lenticular points is 5.44 
mm (sd 0.44).  Stem length is significantly different (p = 0.03).  The average for 
Alberta/Cody is 16.08 mm (sd 2.06) and that for other lenticular points is 14.61 mm (sd 
3.3). 
 
Table 6.11 Comparison of measurements for Alberta/Cody points from Horner and the combined sample of 
Alberta points from Hell Gap and Hudson-Meng. 
Variable Type N Median (mm) Mean (mm) Variance P(T<=t) one-tail 
Blade Width 
A/C I 28 21.86 21.82 10.68 
<0.01 Alberta 13 32.37 32.72 31.13 
Blade Thickness 
A/C I 28 6.74 6.68 0.6 
<0.01 Alberta 13 8.3 8.06 1.31 
Stem Length 
A/C I 26 16.62 16.08 4.23 
<0.01 Alberta 13 22.08 21.06 18.61 
Stem Width 
A/C I 28 17.69 17.87 5.28 
<0.01 Alberta 13 22.05 23.19 13.85 
Stem Thickness 
A/C I 28 5.45 5.4 0.58 
<0.01 Alberta 13 6.77 6.73 0.32 
 
 
 Width to thickness ratios for the Alberta type are larger than those for 
Alberta/Cody and other lenticular points.  The Alberta type has the largest average blade 
width to thickness ratio of 4.15 (sd 1.0), and this result is expected because Alberta points 
are the widest in this analysis.  Blade width to thickness ratios for the other samples are 
similar; the Alberta/Cody average is 3.66 (sd 0.79), and the average for the other 
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lenticular points is 3.73 (sd 1.03).  Stem width to thickness ratios are consistent for 
previously defined types.  The Alberta average is 3.46 (sd 0.56), the Alberta/Cody I 
average is 3.39 (sd 0.41), and the average for other lenticular Cody points is 3.79 (sd 
0.84). 
 
Table 6.12 Comparison of measurements for Alberta/Cody points from Horner to all the remaining 
lenticular points in the Cody Complex Sample. 
Variable Type N Median (mm) Mean (mm) Variance P(T<=t) one-tail 
Blade Width 
A/C I 28 21.86 21.82 10.68 
0.32 Lenticular Cody 56 21.63 22.69 86.49 
Blade Thickness 
A/C I 28 6.74 6.68 0.6 
0.3 Lenticular Cody 56 6.02 6.33 7.32 
Stem Length 
A/C I 26 16.62 16.08 4.23 
0.03 Lenticular Cody 50 14.62 14.61 14.79 
Stem Width 
A/C I 28 17.69 17.87 5.28 
0.02 Lenticular Cody 56 19.02 19.29 10.8 
Stem Thickness 
A/C I 28 5.45 5.4 0.58 
0.47 Lenticular Cody 56 5.1 5.44 4.77 
Lenticular Cody: all points are not A/C I or Alberta. 
   
 
 In conclusion, there are differences in the metric dimensions of Alberta, 
Alberta/Cody I and Scottsbluff projectile point types (Tables 6.8-6.12).  My data support 
the characterization of the Alberta type as having wider blades, and wider and longer 
stems than other lenticular projectile points such as Alberta/Cody I and Scottsbluff (Table 
6.8).  Alberta points are consistently wider and thicker than Alberta/Cody I points and 
they can be considered as distinct types  (Table 6.10); this conclusion agrees with the 
Alberta/Cody type definition proposed by Bradley and Frison (1987:207).  While 
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Alberta/Cody I points have wider and longer stems, they are similar to Scottsbluff based 
on blade width, blade thickness,  and stem thickness (Table 6.11).  Most of the analyses 
presented above agreed with the work of Wormington (1957) and Bradley and Frison 
(1987), and showed that Cody Complex lenticular projectile point morphology changes 
from the wide Alberta points primarily manufactured with percussion flaking to narrower 
lenticular points characterized by pressure flaking.  A recent synthesis of radiocarbon 
dates presented by Knell and Muñiz (2013:7) indicates that the transition between Alberta 
and Scottsbluff point types occurred around 9440 B.P.  However, I agree with Knell and 
Muñiz that two dates for Alberta/Cody do not conclusively prove the temporal 
relationship between the Alberta and Alberta/Cody I and II types. 
 
Hypothesis 5 
 Finally, I proposed the null hypothesis that there are no significant differences in 
the quantitative or qualitative attributes of projectile point assemblages; before evaluating 
the null hypothesis, it is necessary to briefly state my other hypotheses.  My first 
hypothesis was that assemblages of projectile points from single occupational 
components at buried sites should have a narrow range of variation on all attributes. The 
second hypothesis was that projectile points from mixed surface collections or from 
unknown context should exhibit a greater range of morphological variation than that 
recorded for single component sites. My third hypothesis was that projectile points from 
contemporaneous sites within a geographic region should exhibit greater homogeneity 
than points found outside of that region. My fourth hypothesis was that projectile points 
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from sites contemporaneous in time should have a narrow range of variation when 
compared to points from sites that are not contemporaneous. 
 I established that morphological variability is not influenced by the number of 
components at a site, or the geomorphic context in which the site was found (hypotheses 
1 and 2).  The null hypothesis also precludes the existence of spatial or temporal 
variability among projectile point assemblages (hypotheses 3 and 4).  The null hypothesis 
can be rejected because I have shown that spatial variability is low and temporal 
variability is higher.  A social mechanism would be necessary to support the widespread 
occurrence of lanceolate, square-based projectile points with parallel flaking.  I think that 
cultural transmission (Boyd and Richerson 1985) is a viable explanation for the manner 
in which projectile point manufacture, and other behaviors, are learned by members of a 
social group. 
 To summarize my discussion in Chapter 2, Boyd and Richerson (1985:243) 
explain that young adults might copy “indicator traits” that are possessed by successful 
individuals.  Since cultural behaviors are complex, “the relationship between different 
kinds of behaviors and success is obscured.  It may be easier for individuals simply to 
select a trait that seems highly correlated with success and emulate the entire behavioral 
repertoire” (Bettinger 1991:196).  For Paleoindians, projectile points were one of the 
indicator traits of successful hunters MacDonald (2010:44).  Projectile points were more 
likely to enter the archaeological record than perishable components of hunting weaponry 
such as wooden atlatls, main shafts, and the sinew used in hafting points to foreshafts 
(Wheat 1979:95).  I follow MacDonald (1998:230-231) in observing that because 
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projectile point styles were used for hundreds of years and were distributed over a wide 
geographic area, culture change occurred slowly in the Paleoindian period. 
 I propose that this conservative cultural transmission facilitated the periodic 
aggregation of Paleoindian bands that has been discussed previously (Bamforth 1988; 
Frison 1991; Hofman 1994; MacDonald 1998, 2010).  Paleoindian bands are assumed to 
comprise 25-30 related individuals, and 12-20 minimum bands comprised a maximum 
band of 300-500 people based on ethnographic studies (Stewart 1969:291).  Minimum 
bands consisted of 25-30 individuals belonging to several related families that cooperated 
in subsistence tasks, and the maximum band facilitated the periodic exchange of mates 
among different minimum bands (Steward 1969).  In addition to finding exogamous 
mates, members of maximum bands probably  exchanged lithic raw materials 
(MacDonald 1998:227).  Paleoindian bands also likely cooperated in communal bison 
hunts, shared information about environmental conditions over a large geographic area, 
and conducted ritual activities (Bamforth 1988). 
 If hunter-gatherer bands used social ties to regulate physical access to food 
resources (Kelly 1995:203), then artifact style might have provided a mechanism to 
transmit messages about membership in a social group (Wiessner 1983, 1985; Wobst 
1977).  A more likely scenario would be that hunter-gatherer groups manufactured the 
same isochrestic variant of projectile points subconsciously without intending to convey 
messages about group identity (Sackett 1982).  Low population density, 0.001-0.006 
people per square kilometer (MacDonald 1998:222), and abundant faunal resources, 
specifically bison (Wycoff and Dalquest 1997:20-21), may have been factors contributing 
to the conservative cultural transmission of Cody, and other Paleoindian projectile point 
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styles.  Under conditions that favored high mobility, hunter-gatherers would not form 
“identity-conscious communities” Rolland and Dibble (1990:492).  Therefore, it is 
unlikely that Paleoindian hunter-gatherer social groups consciously endowed projectile 
points with stylistic messages sent to their neighbors because they had no incentive to 
limit group membership.  Rather, the widespread spatial distribution of similar projectile 
points indicates that social ties allowed people from different hunter-gatherer bands to 
find mates for reproductive success and also share faunal resources.  Both the mean 
mating distance of 80-100 km for Paleoindians (MacDonald 1999:150), and the average 
distance of 115-165 km for nonlocal raw materials found at Cody sites (Muñiz 
2005:244), can provide a geographic scale for inferring social interactions among hunter-
gatherer bands. 
 The lithic raw material sources used at each site in this study can be viewed in 
terms of MacDonald’s (1999) model of hunter-gatherer mobility that assigns movements 
of individuals or groups to different geographic ranges for subsistence and social 
activities.  While use of local materials correlates with micromovements (0-80 km) for 
subsistence activities, raw materials from more distant sources may represent 
mesomovements  (80-100 km) or macromovements (160-500 km) of individuals or bands 
that occurred for social reasons such as finding exogamous mates or conducting rituals 
(MacDonald 1999:148-149).  For example, the Claypool assemblage contains a variety of 
lithic materials from geographically-dispersed sources that suggests that two Paleoindian 
bands travelled from opposing directions and then met and camped together (Muñiz 
2005:238).  One band travelled from the north because they discarded raw materials that 
originated in Nebraska (Smoky Hills silicified chalk) and Wyoming (Morrison/Cloverly 
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formation quartzite from the Hartville Uplift), while another band came from the south or 
southeast and discarded lithics from New Mexico  (Madero Formation chert and El 
Rechuelos obsidian) and Texas (Tecovas jasper).  The Olsen-Chubbuck lithic assemblage 
might represent the aggregation of two bands, because while Knife River flint or White 
River Group Silicates came from the north, Alibates dolomite and Edwards chert was 
obtained from the south (Muñiz 2005:197, 200). 
 Although transport of nonlocal raw materials can be proposed for population 
aggregation at Claypool and Olsen-Chubbuck, other sites with a majority of local 
materials such as Frasca (Fulgham and Stanford 1982:6)  and Lamb Spring (Rancier et al. 
1982:13) do not contain evidence of bands traveling from different directions to meet at 
the same location.  The presence of Flattop chert, the absence of exotic raw materials, and 
the late fall/winter season of bison death suggest that the Frasca site represents a local 
adaptation in which autumn months were spent in northeastern Colorado (Muñiz 
2005:221).  Use of local raw material sources correlates with the micromovement scale of 
hunter-gatherer mobility that occurred for subsistence activities while nonlocal materials 
may have been procured during mesomovements or macromovements in  travel for social 
reasons (MacDonald 1999) 
 Hunter-gatherer movements, whether for subsistence or social activities, probably 
lead to social interaction with members of other groups that would have been facilitated 
by conservative cultural transmission.  .  Hunter-gatherer bands, or individuals, could 
have moved easily through parts of the vast territory in which Cody Complex projectile 
points have been reported from the Great Lakes in the east, through the Great Plains and 
Rocky Mountains, to the Great Basin in the west (Amick 2013; Frison 1991; Hofman and 
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Graham 1998; Holliday 1997; Pitblado 2003; Stanford 1999).  I do not propose that a 
single band moved halfway across the continent from the Great Lakes to the Great Basin, 
but I think that social interaction was facilitated when a group, or individual,  moved a 
few hundred kilometers and entered the territories of other bands that also used Cody 
Complex projectile points and, presumably, other similar artifacts. 
 
Implications of My Research for the Bradley-Stanford Reduction Sequence 
 In Chapter 3, I described the flint knapping experiments that Bradley and Stanford 
(1987:412-417) conducted to explain the co-occurrence of points with diamond-shaped 
and lenticular cross-sections (i.e., Scottsbluff and Eden types) in the same site 
assemblage.  Bradley and Stanford argued that the morphological attributes of Scottsbluff 
and Eden projectile points correspond to decisions made by flintknappers about when or 
at what stage in the reduction process to terminate the manufacture of the projectile point.  
They defined seven stages of manufacture, including raw material procurement, 
percussion flaking in preform manufacture, selective pressure flaking, and serial flake 
removals on both faces from each lateral margin (Bradley and Stanford 1987:412-417).  
Projectile points at the fourth and possibly fifth stages of reduction had the lenticular 
cross section previously described as the Alberta and Scottsbluff types.  Projectile points 
at the sixth and seventh stages of the reduction sequence possessed the marked medial 
ridges typical of Eden points. 
 I evaluated Bradley and Stanford’s model reduction sequence using the 
measurements and flake scar patterns of projectile points from 12 roughly 
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contemporaneous Cody complex sites (Table 4.2).  Since Bradley and Stanford limited 
their reduction sequence to producing projectile points finished with pressure flaking, I 
excluded the percussion-flaked Alberta points from my analysis.  Generally, qualitative 
attributes coincide with the proposed reduction sequence, but it cannot be supported by 
the average width and thickness measurements of lenticular and diamond-shaped 
projectile points. 
 First, I considered the relationship between two pairs of qualitative attributes that 
characterize the blade of the projectile point: pressure flaking (selective or serial) and 
cross section (lenticular or diamond-shaped).  The average flake scar width provides 
objective criteria to measure the relative coarseness or fineness of pressure flaking, 
because lenticular points generally have fewer and broader flake scars than diamond-
shaped points, which have more and narrower flake scars (Figure 6.6).  In Chapter 5, I 
explained that I counted flake scars on both lateral margins of each face of the projectile 
point.  Then I averaged the resulting four counts and divided the mean number of flake 
scars by the blade length in mm to calculate the average flake scar width for each 
projectile point.  The flake scar counts are limited to the last stage of manufacture 
because the removal of each pressure flake in a continuous retouch series removes part of 
the previous scar which has the effect of reducing the measured width of the previous 
scar.  In the next section of this chapter, I will consider how resharpening projectile 
points would have altered the flake scar pattern after the artifact was manufactured. 
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Figure 6.6 flake scar widths for diamond-shaped and lenticular projectile points. 
 
 Figure 6.6 shows that average flake scar width is variable, and that the 
distribution for diamond-shaped points overlaps that for lenticular points.  The majority 
of diamond-shaped points have average flake scar widths ranging from 1.35-1.79 mm, 
but the narrowest value is 0.9, and the widest is 2.84 mm in width.  The majority of 
lenticular projectile points also have similar average flake scar widths between 1.35-1.95 
mm with some values greater than 3.00 mm.  This data confirms the fact that there is a 
continuum between diamond-shaped and lenticular projectile points (Wormington 
1957:136).  Nevertheless, my observations agree with the Bradley and Stanford model 
reduction sequence because  the broad flake scars on lenticular points result from more 
selective pressure flaking and narrow flake scars on diamond-shaped points were 
produced by serial pressure flaking.   
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 The Bradley and Stanford single reduction sequence model posits that projectile 
point morphology is dependent upon the stage at which flaking is stopped; lenticular 
cross sections resulted from earlier stages and diamond-shaped from later stages of 
reduction.  Single component site assemblages could thus contain both diamond-shaped 
and lenticular projectile points because any flintknapper could have terminated projectile 
points at earlier stages while others in the group could have completed later stages of 
manufacture.  Two sites, Olsen-Chubbuck and Horner II, have both lenticular and 
diamond-shaped points, but only diamond-shaped points were found at Frasca.  The 
inference that projectile points having both cross sections co-occur in the same site 
assemblage supported; however, the small sample size of three single component sites 
does not provide strong evidence for this conclusion. 
 The Bradley-Stanford model also suggests that as reduction continues, preform 
(and projectile point) width is lessened while thickness either remains the same or is 
reduced.  A comparison of 123 diamond-shaped and 90 lenticular points shows that all 
width and thickness measurements are statistically significant because diamond-shaped 
points are consistently narrower and thicker than lenticular points (Table 6.13).  As 
predicted, blade width is significantly different, at p=<0.001; the diamond-shaped 
average is 19.02 mm (sd 2.89), and the lenticular average is 21.63 mm (sd 4.45).  
However, blade thickness is also significantly different, p=<0.001; the diamond-shaped 
average is 6.71 mm (sd 0.83), and the lenticular average is 5.96 mm (sd 1.21).  Thus, 
diamond-shaped points are thicker than their lenticular counterparts, in contrast to the 
model predictions.    Blade width to thickness ratios are also significantly different 
(p=<0.001); the average blade width to thickness ratio for diamond-shaped points is 2.85 
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(sd 0.39), and the lenticular average is 3.72 (sd 0.94).  For stem width, the diamond-
shaped average is 17.42 mm (sd 2.54), and the lenticular average is 18.71 mm (sd 3.22), 
significantly different at p=0.001.  For stem thickness, the diamond-shaped average is 
5.49 mm (sd 0.85), and the lenticular average is 5.17 mm (sd 0.9); this difference is 
significant at p=0.008.  Stem width to thickness ratios are significantly different as well, 
at p=<0.001; the diamond-shaped average is 3.21 (sd 0.48), and the lenticular average is 
3.68 (sd 0.68). The statistics support an observation made 60 years ago (Wormington 
1957:136) that lenticular and diamond-shaped points comprise the opposite ends of a 
continuum of variation. 
 
Table 6.13 Comparison of measurements of diamond-shaped and lenticular points. 
Variable 
Cross 
Section N 
Median 
(mm) 
Mean 
(mm) Variance 
P(T<=t) two-
tail 
Blade Width 
Diamond 123 18.98 19.02 8.34 
<0.001 Lenticular 90 21.83 21.63 20.23 
Blade Thickness 
Diamond 123 6.7 6.71 0.68 
<0.001 Lenticular 90 6.02 5.96 1.47 
Blade 
Width/Thickness 
Diamond 123 2.85 2.85 0.15 
<0.0001 Lenticular 90 3.53 3.72 0.89 
Stem Width 
Diamond 121 17.29 17.42 6.43 
0.001 Lenticular 90 18.34 18.71 10.37 
Stem thickness 
Diamond 120 5.4 5.49 0.73 
0.008 Lenticular 90 5.12 5.17 0.81 
Stem 
Width/Thickness 
Diamond 120 3.15 3.21 0.23 
<0.001 Lenticular 90 3.47 3.68 0.47 
Most decimal values rounded to the 2nd place. 
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 Bradley and Stanford (1987:414) provide measurements of 5 experimental points 
at each stage of their reduction sequence, and I calculated the average blade width and 
thickness for each stage to facilitate comparison with my analysis of lenticular and 
diamond-shaped points.  Bradley and Stanford’s average blade width for lenticular points 
at stage 4 is 31.8 mm (sd 1.48), and at stage 5 it is 27.2 mm (sd 1.79).  The average blade 
width of lenticular points in my analysis is 21.63 mm (sd 4.45), which indicates that 
points recovered from archaeological sites are narrower than the replicas.  Bradley and 
Stanford’s average blade width for diamond-shaped points at stage 6 is 24.00 mm (sd 
1.87), and at stage 7 it is 22.4 mm (sd 2.07).  The average blade width of diamond-shaped 
points in my analysis is 19.02 mm (sd 2.89), and, once again,  archaeological points are 
narrower than the replicas.  Bradley and Stanford’s average blade thickness for lenticular 
points at stage 4 is 8.9 mm (sd 1.19) and at stage 5 it is 8.7 mm (sd 1.20).  Lenticular 
points in my analysis have an average blade thickness of 5.96 mm (sd 1.21), and 
archaeological points are thinner than the replicas.  Bradley and Stanford’s diamond-
shaped points at stage 6 have an average blade thickness of 8.44 mm (sd 1.11), and at 
stage 7 it is 8.36 mm (sd 1.05).    Diamond-shaped points in my analysis have an average 
blade thickness of 6.71 mm (sd 0.83), and, once again, archaeological points are thinner 
than the replicas. 
 There is no pattern when comparing the average blade width to thickness ratios of 
the replicas to archaeological data.  The Bradley and Stanford average blade width to 
thickness ratio at stage 4 is 3.62 (sd 0.45), and at stage 5 it is 3.16 (sd 0.36).  In my 
analysis, the average lenticular blade width to thickness ratio is 3.72 (sd 0.94), and 
archaeological points have a higher ratio than that of the replicas.  Bradley and Stanford’s 
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diamond-shaped points at stage 6 have an average blade with to thickness ratio of 2.87 
(sd 0.35), and at stage 7 it is 2.71 (sd 0.43).   The diamond-shaped points in my analysis 
have an average ratio of 2.85 (sd 0.39) that is similar to the average of replicas at stage 6.  
All of the Bradley and Stanford measurements indicate that later stage products are 
thinner than earlier stage products, but Bradley and Stanford’s replicas are wider and 
thicker than the average measurements of either lenticular or diamond-shaped points in 
my analysis. 
 Based on archaeological data, the average lenticular projectile point is 21.63 mm 
wide and 5.96 mm thick, but the average for diamond-shaped  points is 19.02 mm wide 
and 6.71 mm  thick.  Given the reductive nature of lithic technology, it is not possible to 
start with a thin, lenticular, point, and create a thicker, diamond-shaped point.  Bradley 
and Stanford’s proposed reduction sequence for Cody complex point manufacture does 
not agree with my archaeological data because lenticular points, at stages 4 and 5, could 
not be made thicker to create diamond-shaped points at stages 6 and 7.  Therefore, the 
Bradley and Stanford model reduction sequence is not a viable explanation for the co-
occurrence of lenticular and diamond-shaped projectile points in sites across the Great 
Plains. 
 Alternatively, I propose that diamond-shaped and lenticular points are products of 
two different reduction sequences, one based on selective transmedial pressure flaking, 
and the other on serial comedial pressure flaking.  I propose a 2-prong manufacturing 
strategy in which both lenticular and diamond-shaped points were produced from a 
preform that had  a squared base and parallel sides, accounting  for the common features 
of 11 projectile point types associated with the Cody Complex (Bamforth 1991:314-316).  
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In one instance, the flintknapper produced a lenticular point with transmedial flaking by 
allowing the flake scars to cross the midline of the projectile point.  In the other instance, 
the flintknapper intentionally terminated pressure flakes at the midline of the projectile 
point by aligning a wooden block with a rectangular opening directly underneath the 
longitudinal axis of the preform to detach flakes at the midline that created a sharp medial 
ridge (Bradley and Stanford 1987:416).  If diamond-shaped points were created directly 
from a preform, there was no need to transform lenticular points into diamond-shaped 
points during the later stages of the reduction sequence.  My proposed 2-pronged 
reduction sequence explains the co-occurrence of lenticular and diamond-shaped points at 
most Cody complex sites on the Great Plains and adjacent Rocky Mountains without 
requiring that a thicker diamond-shaped point be created from a thinner lenticular 
preform or point.  I think that each alternative in my proposed two-pronged reduction 
sequence represents one end of the traditionally accepted continuum of variation between 
Scottsbluff and Eden projectile point types (Wormington 1957:136). 
 If use of the wooden block was the only variable determining cross sectional 
shape, I think that flintknappers in a social group could have learned to manufacture both 
lenticular and diamond-shaped projectile points.  The production of particular projectile 
point styles could have varied for both practical and nonutilitarian reasons; I offer 
hypothetical cases for each category.  Although the wooden block likely was part of the 
toolkit necessary for manufacturing diamond-shaped projectile points, it is reasonable to 
assume that flintknappers sometimes needed to make lenticular projectile points if the 
block was lost or broken.  Perhaps, lenticular points were preferred because the reduction 
sequence was shorter, but diamond-shaped points that required additional stages of 
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retouch were produced occasionally because the regular flaking that created the sharp 
medial ridge was aesthetically pleasing.  Diamond-shaped projectile points could be 
products of skilled flintknappers because they would be more likely to employ staged 
reduction strategies  than would less experienced flintknappers (Bamforth 1991:310).  No 
doubt, there are many other possible scenarios in which flintknappers might have 
preferred one kind of projectile point over another because projectile points, like other 
artifacts, are integrated into technological, social, and ideological subsystems of the total 
cultural system (Binford 1962). 
 The concept of isochrestism (Sackett 1982) could explain the co-occurrence of 
diamond-shaped and lenticular points in Cody Complex lithic assemblages because these 
two kinds of projectile points closely resemble each other and they are less similar to 
other Paleoindian projectile point types.  It is reasonable to assume that artifacts produced 
by members of "the same group more closely resemble each other than they do 
functionally comparable things manufactured by any other group" (Sackett 1982:75), and 
morphological similarities between lenticular and diamond-shaped points indicate that 
they were manufactured using nearly identical reduction sequences.  I proposed a two-
pronged reduction sequence for both lenticular and diamond-shaped points because they 
are lanceolate, have squared bases, and exhibit parallel flaking; they differ  only in the 
final stages of selective and serial pressure flaking (Bradley and Stanford (1987:412-
417).  In fact, the co-occurrence of both lenticular and diamond-shaped points can be 
considered as two related isochrestic variants that represent the traditionally accepted 
ends of a continuum of variation between Eden and Scottsbluff points (Wormington 
1957:136).  Likewise, my two-pronged reduction sequence results in products at both 
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ends of this continuum of variation, and I think that both lenticular and diamond-shaped 
points are also two related isochrestic variants that were often produced by the same 
social group.). 
 Metric data supports my argument that lenticular and diamond-shaped points are: 
(1) two related isochrestic variants as defined by Sackett, (2) products of a proposed two-
pronged reduction sequence, and (3) comprise opposite ends of the continuum of 
variation.  Although there are statistically significant differences between the metric 
dimensions of lenticular and diamond-shaped points (Table 6.13), the average 
measurements of these points are more similar than those of the Alberta type (Table 6.9).  
For example, blade width measurements differ only by a couple millimeters for lenticular 
(21.63 mm) and diamond-shaped points (19.02 mm), compared to a difference of 10 
millimeters for the Alberta points (32.72 mm).  Table 6.9 shows that this pattern holds for 
blade thickness, as well as for stem measurements.  The finally, I consider a social 
mechanism to would account for the temporal and spatial distributions for the co-
occurrence of lenticular and diamond-shaped projectile points at multiple sites. 
 Above, I described the manner in which conservative cultural transmission could 
have facilitated interaction among individuals and Paleoindian hunter-gatherer bands.  
Here, I propose that conservative cultural transmission might also explain the persistence 
of two isochrestic variants of lanceolate square based points with parallel flaking.  I 
follow Sackett (1982) in asserting that projectile point manufacture requires the 
flintknapper to make choices at each stage of the reduction sequence.  The appearance of 
two different reduction sequences, one based on selective transmedial pressure flaking, 
and the other on serial comedial pressure flaking, could reflect the different choices that 
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flintknappers made when producing Cody Complex projectile points.    Then, Sackett’s 
(1982:105) “narrow margins of tolerance” could refer to the metric data that would 
conform to a general outline of the point—Bamforth’s (1991) community-level standard. 
 The Cody complex is unique among Paleoindian cultural complexes because of 
the co-occurrence of both Eden and Scottsbluff (diamond-shaped and lenticular) points at 
contemporaneous sites.  Other Paleoindian complexes are characterized by the 
predominance of a single projectile point style (Frison 1991; Holliday 2000).  The only 
other Paleoindian Complex that may contain different projectile point styles is Folsom 
with fluted and unfluted points; the unfluted “Folsom” has been called Midland (Holliday 
2000).  A detailed description of Folsom and Midland points is beyond the scope of this 
dissertation. 
 
Effects of Reworking on Morphological Variability 
 The repair and reuse of a damaged projectile point is likely a practical way to save 
both time and raw material (Flenniken and Raymond 1986:609).  It is not surprising then 
that reworking has been reported for Cody Complex projectile point assemblages 
(Bradley and Frison 1987; Dick and Mountain 1960:233; Fulgham and Stanford 1982; 
Holliday 2000; Huckell 1978:185; Wheat 1972, 1979; Wormington 1957).  Projectile 
points often exhibit two different kinds of damage: fractures that occurred either at the 
base when the projectile point snapped in or immediately distal to the haft, or on the 
blade itself after the dart was thrown at a target.  In Table 5.3, I recorded 43 stem 
fragments and 60 projectile point tips.  Sometimes a tip was rejuvenated into a usable 
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projectile point by grinding the lateral edges near the impact break to produce a new 
hafting element (Wheat 1979:89).  Creating a new stem at the proximal end of the 
remaining blade fragment was a risk-reduction strategy to ensure that highly-mobile 
hunter-gatherers always carried usable projectile points if the band was not close to 
sources of lithic raw materials (Amick 2013:222-223).  I have described restemmed tips 
and noted when they accounted for minimum stem width or blade width measurements 
for each analysis. 
 In Chapters 2 and 3, I presented research that shows that repairing broken 
projectile points affects their typological assignments (Dibble 1987; Frison 1968).  
Although repair and reuse of a damaged projectile point is not explicitly mentioned in my 
hypotheses, reworking may have contributed to the metric variation that I observed in 
Cody complex projectile points.  Archaeologists have debated how repairing a broken 
projectile point may produce morphological change, and whether morphological 
alteration changed the attributes traditionally employed for assigning a projectile point to 
a culture historical type or chronological period (Bettinger et al. 1991; Flenniken and 
Raymond 1986; Flenniken and Wilke 1989; Thomas 1986; Wilke and Flenniken 1991).  
In Chapter 3, I explained that the cross section of the projectile point blade (diamond-
shaped or lenticular) was an important criterion for assigning projectile points to 
particular types.  Although reworking affects length, width, and thickness measurements 
of projectile points, it does not change the point from diamond-shaped to lenticular or 
vice versa.  Therefore, a reworked Cody Complex point would not be assigned to a 
different type than the comparable nonreworked projectile point. 
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 The proposed San Jon type (Roberts 1942) is the only instance where reworking 
altered morphological attributes enough for later researchers (Hofman and Graham 1998; 
Wheat 1972) to assign projectile points to different typological categories.  The San Jon 
type originally described projectile points that have a "thick-bodied blade with a square 
base, parallel sides and rounding tip" (Roberts 1942:7).  San Jon points are “consistently 
smaller in absolute dimensions” than Scottsbluff points and they are shorter than 
“classic” Eden points (Wheat 1972:145).  The average overall length for the three points 
from the San Jon site is 47.86 mm; one quartzite point (40.17.6) is 30.3 mm, and an 
Alibates dolomite point (447948) is 44.34 mm long.  An Edwards chert point, 447951, is 
68.93 mm long, and this measurement is greater than the average for all diamond-shaped 
projectile points of 61.85 mm (sd 22.67).   Therefore, all three San Jon points are within 
one standard deviation of the mean overall length.  The average blade width for all 
diamond-shaped points is 19.13 mm (sd 3.01), and the San Jon average is 19.44 mm (sd 
1.95).  Since I measured blade width at the shoulders of projectile points, San Jon points 
were reworked on the blade distal to the shoulders.  My data agrees with Hofman and 
Graham’s (1998:113) observation that the San Jon type consists of reworked Eden point. 
 In addition to reducing the metric dimensions, resharpening episodes likely 
affected the number of flake scars that were present on projectile points.  Reworking 
could have produce flake scars that were superimposed upon the original flaking pattern 
created when the projectile point was manufactured (Bonnichsen and Keyser 1982:141).  
Since flake scars from reworking could either be smaller or larger than those employed in 
manufacture, I cannot determine the amount of resharpening that any given projectile 
point underwent before it was discarded. 
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 The manner in which reworking could have altered the original flake scar pattern 
would differ for repairs conducted to the tip or the stem of a projectile point.  When 
projectile points were repaired at the tip, the blade length was decreased, and reworking 
probably affected my calculations of average flake scar width.  This is because the flake 
scar count would have been divided by a shorter blade length producing a lower value for 
average flake scar width.  If a projectile point broke distal to the shoulders, the repair 
would have involved flaking or grinding to create a new stem at the impact break which 
also would have reduced the number of flake scars on the blade of the projectile point.  
Conversely, if the impact break occurred on the stem, repairs would not alter the original 
flake scar count because all repairs would have occurred on the stem instead of the blade 
of the projectile point. 
 Flintknapping experiments could be designed to study the effects of reworking on 
flake scar counts because flake scars could be counted at initial manufacture and then  
again after subsequent resharpening episodes.  Such experiments might show that the 
number of flake scars that were superimposed on the original flaking pattern present at 
the final stage of manufacture would increase with the amount of resharpening necessary 
to repair the projectile point.  Thus, a few scars would result from a minor resharpening 
episode, and more numerous scars would result from extensive repairs.  Finally, an 
experimenter could break projectile points at the stem and the tip to study the effects that 
making different repairs would have on flake scar counts. 
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Conclusion: Research Implications for Cody Typology and Beyond 
 In this chapter, I tested five hypotheses that I developed to explain the 
morphological variability observed in projectile point assemblages belonging to the Late 
Paleoindian Cody Complex; hypotheses 1-3 were not compelling, while hypotheses 4-5 
have merit.  The first hypothesis tested whether or not the variability in projectile point 
assemblages differs between single and multiple-component sites, but I did not find 
statistically significant differences between these samples.  The second hypothesis 
compared morphological variability in projectile point assemblages recovered from sites 
for which context is insufficient to determine the number of components that are present 
to projectile point assemblages from either single or multiple component sites, and, again, 
I did not find any statistically significant differences.  The third hypothesis evaluated the 
likelihood that spatial differences affected variation among projectile points from large 
geographic regions, such as perceived differences between Northern and Southern Plains 
sites (Wheat 1972), but no statistically significant differences were found.  A fourth 
hypothesis compared projectile point assemblages from older and younger sites; tests for 
this hypothesis found statistically significant differences between width and thickness 
measurements of the samples indicating there was a shift over time from Alberta points 
produced with percussion flaking to Scottsbluff and Eden points finished with pressure 
flaking.  The fifth hypothesis assumed that no differences could be attributed to either the 
number of components in a site, its geomorphic context, or the spatial or temporal 
distribution of Cody Complex projectile points.   
 In Chapter 3, I presented the archaeological systematics surrounding the various 
“square-based, slightly stemmed, lanceolate” (Bamforth 1991:315) projectile point types 
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included in, or associated with, the Cody complex.  Previously assigned type designations 
reflect slight differences in the morphological attributes of projectile points, but it is 
unclear if this variability has temporal or cultural significance (Stanford 1999:325).  In 
this chapter, I examined morphological variability on both spatial and temporal scales.  
There are noticeable temporal differences between percussion-flaked projectile points 
classified as the Alberta type (Forbis 1968) compared to lenticular points finished by 
pressure flaking referred to as Scottsbluff type (Wormington 1957). 
 Contemporaneous projectile points found on the Northern and Southern Plains 
share many qualitative and quantitative attributes.  I showed that the morphological 
attributes of projectile points that have been classified as Firstview (Wheat 1972) and 
Kersey (Wheat 1979) are statistically similar to those of projectile points assigned to 
either the Eden or Scottsbluff types of the Cody Complex (Wormington 1948, 1957).  
Generally, these complexes can only be distinguished by comparing stem width because 
Firstview points tend to have slightly wider stems when compared to the narrower Cody 
Complex points.  Nonetheless, my analysis agrees with Bradley‘s (1991:390-391; 
1993:260) view that Firstview and Kersey points are technologically and typologically 
identical to the Cody Complex Eden and Scottsbluff projectile point types (Wormington 
1948:12, 1957:136).  My research concludes that the Cody Complex is a single cultural 
unit with two distinctive kinds of projectile points —those with thick narrow blades 
forming a diamond-shaped cross section, and those that are wider and slightly biconvex 
forming a lenticular cross section.  I quantified the differences between the metric 
dimensions of lenticular and diamond-shaped points.  The consistency of width and 
thickness measurements provides evidence that late Paleoindian flintknappers generally 
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employed a standard method to manufacture Cody Complex projectile points.  However, 
testing the expectations of the Bradley-Stanford reduction model regarding point 
thickness suggests that the model cannot account for differences observed between 
projectile points with diamond-shaped and lenticular cross-sections.  I proposed that 
diamond-shaped and lenticular projectile points are products of two different, but related,  
reduction sequences, one based on selective transmedial pressure flaking, and the other 
on serial comedial pressure flaking.  I speculated that flintknappers in a social group 
would have learned both reduction sequences because diamond-shaped projectile points 
were created by holding a u-shaped wooden block under the preform to terminate flakes 
at the midline of the point, while lenticular points were made without using such a block. 
 The projectile point types that are included in, or associated with, the Cody 
Complex can be considered as similar isochrestic variants reflecting choices made during 
their manufacture (Sackett 1982, 1985).  On a temporal scale, the percussion-flaked 
Alberta type with its lenticular cross section predates the pressure-flaked Scottsbluff and 
Eden points.  These younger isochrestic variants included projectile points with lenticular 
cross sections and selective pressure flaking (Scottsbluff) and diamond-shaped cross 
sections with serial pressure flaking (Eden) types.  Within the Cody Complex (Scottsbluff 
and Eden) points, there are geographic differences--variants with wider stems that Wheat 
classified as Firstview and Kersey points.  Some degree of social contact among highly-
mobile hunter gatherer groups can be presumed due to similarities among the lanceolate 
projectile point types included in, or associated with, the Cody complex. 
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This discussion of Cody Complex typology leads to a consideration of artifact 
classification in general.  Artifact classification "relies on human perceptions" and, 
therefore, it introduces "a degree of variation" (Beck and Jones 1989:244).  As a single 
investigator (eliminating inter-investigator observation and measurement error), I 
collected qualitative and quantitative data for all projectile points in this study.  Thus, I 
standardize the raw data used in hypothesis testing.  My research contrasts with that of 
some previous investigators who relied on published data for a portion of their 
comparisons of projectile point assemblages from multiple sites (Bradley and Frison 
1987; Wheat 1972, 1979).  Conducting a study using published archaeological data may 
add another source of morphological variation to the analysis because the researcher 
relies on the perceptions of the original author (Beck and Jones 1989:245).  Therefore, I 
believe that by acting as a single investigator examining the several projectile point 
assemblages, I eliminated much of the variation reported for Cody Complex sites. 
 I developed and followed a consistent methodology that specified how 
measurements were recorded.  I used both metric and nonmetric variables to characterize 
projectile points and to provide summary data that described projectile point 
assemblages.  Metric variables were consistently measured at the same locations (i.e., at 
the shoulders for blade width and thickness and immediately proximal to the shoulders 
for stem width and thickness).  The standardized measurements were objectively 
compared using statistical techniques such as t-test and ANOVA.  Both the chi-square 
and Fisher’s Exact tests were used to compare the relative frequencies at which 
qualitative attributes occur among site assemblages. 
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 Data from this study can be used to evaluate the expansion of hunter-gatherers 
who made Cody Complex and other square-based stemmed projectile points into the 
Great Basin over 700 km west of the Rocky Mountains (Amick 2013:235).  In chapter 4, 
I noted that the late Pleistocene and Early Holocene climate of the Western United States 
was cooler and moister than at present which supported lush grasslands (Thompson 
1993:505-506).  Bison expanded their range as grassland biomes increased in geographic 
size, and Cody Complex hunter-gatherers pursued bison herds westward into new 
territory (Stanford 1999:325).  According to Dan Amick (2013:235) archaeologists 
working in the Great Basin and Columbia Plateau describe square-based lanceolate 
projectile points  as belonging to the Winddust phase rather than to the Cody Complex.  
Briefly, The Windust phase includes 24 projectile point types, Some with concaved bases 
and others with squared bases; The Windust phase is poorly dated to between 10,740-
7,7,080 B.P. (Beck and Jones 1997:189-196).  A research study could be designed to 
collect width and thickness measurements from square-based lanceolate projectile points 
that have been assigned to the Winddust phase.  Then Winddust Phase and Cody 
Complex projectile points could be compared based on metric dimensions, cross sectional 
shape, and flake scar patterns using a methodology similar to that which I employed for 
this study.  Amick's idea that some Cody Complex hunter-gatherers followed bison into 
the Great Basin would be supported if the square-based lanceolate point types currently 
assigned to the Winddust Phase are similar to Cody Complex points.  Conversely, if there 
were significant differences between Winddust Phase and Cody Complex projectile 
points, his ideas would be refuted. 
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 The methodology that I developed to compare metric dimensions and width to 
thickness ratios may be useful for examining other nonfluted projectile point types in the 
Paleoindian record.  Archaeologists have wrestled with the problem of projectile point 
types that predate the Cody Complex, specifically Goshen on the Northern Plains and 
Plainview on the Southern Plains (Bradley and Frison 1996:66; Hofman and Graham 
1998:97; Holliday 2000:267; Irwin-Williams et al. 1973).  The archaeological literature 
about the relationship between Goshen and Plainview is similar to the comparison of the 
Cody and Firstview complexes that I presented in Chapter 3 (Bamforth 1991; Bradley 
1991, 1993; Holliday 2000; Wheat 1972). 
 Moving beyond Paleoindian systematics on the Great Plains, questions about 
morphological variability among stone tool types appear in the archaeological literature 
of the American Great Basin and Southwest.  In Chapters 2 and 3, I described a long-
standing debate about projectile point typology in the Great Basin (Bettinger et al 1991; 
Flenniken and Raymond 1986; Flenniken and Wilke 1989; Thomas 1986; Wilke and 
Flenniken 1991).  Such a system of standardizing measurement and analysis of 
morphological variability might contribute to a resolution of debates surrounding Archaic 
projectile point types in the United States Southwest (Cordell 1997:106-114; Huckell 
1996:326).  A researcher could establish consistent measurements and evaluate the 
morphological variability inherent in projectile point assemblages that might address 
either of these questions.  Such a methodology could also be useful for comparing the 
quantitative and qualitative attributes of associated stone tools that have been assigned to 
different types. 
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In addition to developing and following a consistent methodology to measure artifacts 
and compare projectile point assemblages, I presented conservative cultural transmission 
(Boyd and Richerson 1985) as an explanation for the widespread spatial distribution of 
similar artifact styles among highly mobile hunter-gatherers generally.  The Cody 
Complex is not unique because the archaeological record contains many instances of 
stone tools having even more widespread spatial and temporal distributions.  To 
summarize, the Cody Complex spans approximately half the North American continent 
from the Great Lakes in the east, through the Great Plains and Rocky Mountains, to the 
Great Basin in the west, (Amick 2013; Frison 1991; Hofman and Graham 1998; Holliday 
1997; Pitblado 2003; Stanford 1999).  The earlier Paleoindian Clovis complex spans the 
North American continent (Dixon 1999; Kelly and Todd 1988; Wormington 1957).  
Another example of this phenomenon is the presence of Eurasian Paleolithic industries 
that “dominated entire continents for tens of millennia” (Sackett 1982:64).  Both 
Paleoindian and Paleolithic stone tools are associated with low human population density 
during the Late Pleistocene and Early Holocene (Wobst 1974). 
 Conservative cultural transmission of both the knowledge of and behaviors 
associated with flintknapping may explain the widespread spatial distributions of 
Paleoindian complexes and Eurasian Paleolithic industries that were manufactured by 
mobile hunter-gatherers.  I hypothesized that conservative cultural transmission may have 
maintained social contacts among Cody Complex hunter-gatherers, and I assume that 
such interaction also occurred among bands who manufactured other Paleoindian and 
Paleolithic tools.  I described social ties that allowed hunter gatherers to move into the 
territories of other bands as a coping mechanism for environmental fluctuations 
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(Wiessner 1983).  For Paleoindians on the Great Plains, environmental uncertainty could 
have been caused by droughts or wildfires that would have depleted grasslands, which in 
turn, would have decreased the forage of bison and other herbivores.  In such situations, I 
would expect hunter-gatherers to move long distances in pursuit of faunal resources, and 
this population movement would bring them into territories of other bands.  Interaction 
between newcomers and more established groups might have been facilitated if both 
bands made and used similar artifacts. 
 Interactions among individuals and/or entire hunter-gatherer bands likely occurred 
on a routine basis and contact among disparate groups was not limited to coping with 
unexpected environmental conditions.  Above, I discussed the subsistence and social 
advantages of interactions among individuals or bands such as finding exogamous mates 
(MacDonald 1998, 1999), cooperation in communal bison hunting (Bamforth 1988, 
1991), and conducting ritual activities (Bamforth 1988; MacDonald 1998 1999).  
Although the movements of individuals or entire bands probably did not exceed 500 km 
(MacDonald 1999), hunter-gatherer mobility patterns were not constrained within the 
vast territories in which similar projectile point styles have been found. 
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